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PREFACE  TO  THE  GERMAN  EDITION 


The  reputation  which  the  work  of  Seger  enjoys  in  techno- 
logical circles  and  the  value  which  is  attributed  to  it  with  ref- 
erence to  the  clay  industry,  far  beyond  the  boundaries  of  Ger- 
many, have  caused  in  us  the  desire  to  facilitate  the  study  of  his 
writings  by  contemporary  and  future  technologists  by  making  a 
systematic  compilation.  The  various  essays  were  scattered 
through  many  volumes  of  the  Notizblaii  and  the  Thonindusirie" 
Zeitungy  which  latter  journal  was  founded  by  the  departed  and 
Dr.  Aron  and  part  of  them  were  incorporated  in  the  records  of 
the  Royal  Porcelain  Factory.  Access  to  the  latter  was  granted 
us  by  the  director  of  the  institution,  Dr.  Heinecke,  with  grati- 
fying kindness  and  which  otherwise  would  not  have  been  open 
to  the  public. 

In  arranging  the  writings,  literal  reproduction  of  the  vari- 
ous essays  was  alwa^'s  aimed  at,  and  they  were  sifted  only 
where  repetitions  were  met. 

It  is  our  hope  that  by  publishing  "  The  Collected  Writings 
of  Hermann  August  Seger,"  which  we  have  attempted  to  ar- 
range according  to  the  different  branches  of  the  clay  industry, 
we  have  served  not  only  German  technology  and  research,  but 
have  also  erected  a  monument  to  our  late  teacher  and  friend 
taken  away  from  us  so  soon. 

The  work  is  published  under  the  auspices  of  the  "  German 
Society  for  the  Manufacture  of  Brick,  Clay  Wares,  Lime  and 
Cement,"  of  the  "  Union  of  the  Ceramic  Industries  of  Germany," 
and  the  "  Association  of  German  Manufacturers  of  Refractory 
Products." 

We  thank  all  who  have  aided  us  in  this  undertaking,  espe- 
cially Dr.  Heintz,  at  Sarau,  and  the  Association  of  German  Manu- 
facturers of  Refractory  Products. 

May  the  work  become  a  source  of  inspiration  and  study  to 
many. 

Dr.  H.  Hecht  and  E.  Cramer. 
Berlin,  December,  1895. 


PREFACE  TO  THE  AMERICAN  EDITION 


The  Publication  Committee  of  the  American  Ceramic  So- 
ciety takes  peculiar  pleasure  and  satisfaction  in  presenting  to  the 
English-speaking  public  this  translation  of  the  writings  of  Dr. 
Hermann  August  S^er. 

The  circumstances  under  which  this  volume  has  been  pub- 
lished are  unusual  in  several  respects.  The  Society  undertook 
the  task  at  its  first  session,  while  still  numerically  weak,  and 
before  it  had  existed  long  enough  to  develop  much  internal  co- 
hesion or  any  settled  policy.  That  this  work  has  been  carried 
on  during  the  process  of  evolution  of  the  Society,  without  any 
serious  breaks  in  continuity,  is  in  itself  remarkable. 

Further,  the  translation  of  so  large  a  volume  by  a  nimiber 
of  widely  scattered  individuals,  each  working  alone,  and  with- 
out the  inspiration  of  frequent  association,  is  certainly  a  note- 
worthy performance. 

Add  to  this  the  fact  that  at  no  time  has  there  been  any 
financial  return  in  view,  either  to  the  individual  or  to  the  organ- 
ization, and  that  the  work  of  translation  has  been  practically  all 
gratuitous,  and  the  difficulty  of  the  labor  may  be  better  under- 
stood, and  its  successful  termination  more  fully  appreciated.  Sel- 
dom has  a  scientific  organization  given  a  more  convincing  proof 
of  altruistic  purpose  in  its  work,  than  in  this  case. 

Whatever  of  credit  attaches  to  this  work,  however,  must  be 
given  largely  to  the  editor.  To  his  industry  and  enthusiasm, 
and  his  technical  acquirements,  the  success  of  the  enterprise  is 
largely  attributable.  It  affords  the  committee  the  greatest  pleas- 
ure to  render  this  acknowledgment  of  the  value  of  his  services. 

Of  the  book  itself,  it  need  only  be  said  that  in  the  opinion 
of  the  committee,  it  fully  justifies  the  many  sacrifices  which  its 
translation  and  publication  have  cost  Though  it  is  only  a  com- 
pilation of  articles  written  at  irregular  intervals  during  a  life  of 
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incessant  toil,  and  written  without  any  coherent  purpose  or 
thought  of  book-making,  nevertheless  it  stands  to-day,  unchal- 
lenged, as  the  earliest  satisfactory  exposition  of  the  principles  of 
ceramic  manufacture.  In  fact,  Dr.  Seger  was  the  pioneer  who 
first  blazed  the  way,  along  which  all  must  travel,  who  hope  to 
reach  the  mastery  of  the  fictile  art,  or  who  hope  to  convert  it 
from  an  empirical  handicraft  into  a  systematic  and  scientific 
industry. 

The  committee  feels  that  the  American  Ceramic  Society 
has  chiefly  honored  itself  in  thus  honoring  the  memory  of  Dr. 
Hermann  August  Seger. 

(Signed)  Edward  C.  Stover,  Chairman^ 

Herbert  A.  Wheeler,  E.M., 
Stanley  G.  Burt, 
Edward  Orton,  Jr.,  E.M.,  Secretary^ 

Committee  on  Publicatum. 
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The  Life  of  Hermann  August  Seger 


Prop.  CHAKI.BS  W.  Mbsloh,  Tkakslatok 

Hennanii  August  Seger  was  bom  on  the  26th  of  December,  1839,  ^^ 
Posen,  where  his  father,  Karl  Priedrich  Seger,  was  Appellate  Judge. 
After  acquiring  the  necessary  preparation  in  the  municipal  '*  Realschule'* 
of  his  native  city  he  attended  the  Provincial  Technical  Institute  at  Frank- 
fort-on-the-Oder,  from  which  he  g^duated.  In  the  year  1859  he  at- 
tended the  Royal  Technical  Institute  at  Berlin,  where  he  zealously  de- 
voted himself  to  the  study  of  chemistry  under  Rammelsberg,  and  later 
under  Baeyer.  In  the  inorganic  laboratory  Dr.  Schone,  who  has  ren- 
dered a  great  service  to  the  clay  ware  industries  through  his  washing 
apparatus,  was  engaged  as  assistant,  and  there  was  a  circle  of  fellow- 
students,  from  which,  besides  our  master,  many  a  name  famous  in  our 
industry  and  its  allied  branches  has  gone  forth.  Besides  Dr.  Aron,  co- 
founder  of  the  Thanindustrie'Zeitung  and  an  intimate  friend  of  our  be- 
loved departed,  I  mention  Dr.  Hertzog,  first  chemist,  then  Director  of  the 
Royal  Porcelain  Factory  in  Berlin,  who  was  also  a  very  dear  friend  of 
Prof.  S^er,  and  like  him  died  far  too  soon;  furthermore,  A.  Bemoully  in 
Bberswalde,  F.  Pemet,  Director  of  the  Birkenwerder  Brick  Company, 
Thieriot  in  Kaiserslautem,  B.  Peters,  business  manager  of  the  Society 
of  German  Engineers,  Dr.  Zwick  in  Berlin,  and  the  widely  known  chem- 
ists Dr.  C.  Heintzel  in  Liineburg,  and  Dr.  W.  Michaelis  in  Berlin. 

After  graduation,  Seger,  equipped  with  thorough  knowledge,  turned 
to  technology  and  undertook  first  the  management  of  the  alum  and  vit- 
riol works  Kreuzkirche  at  Neuwied  on  the  Rhine.  After  several  years 
of  successful  activity  and  now  in  possession  of  practical  knowledge,  he 
was  graduated  from  the  University  of  Rostock  in  the  year  1868  and  en- 
tered a  chemical  factory  in  Sweden  for  a  short  time. 

In  the  meantime  there  had  occurred  in  technology  a  series  of  events 
calculated  to  produce  great  revolutions  in  the  most  various  arts.  I  no- 
tice especially  the  ingenious  discovery  of  the  continuous  kiln  by  Hoff- 
mann, at  that  time  State  Architect  (1858),  the  introduction  of  gas-firing 
by  means  of  generators  and  the  use  of  steam  in  the  manufactute  of  brick 
and  other  clay  wares.  Besides  the  youthful  cement  industry,  which  b^an 
to  develop  rapidly  after  the  removal  of  the  prejudice  against  home  wares 
in  Germany,  it  was  above  all  the  clay  ware  industry  that  was  benefited 
by  the  invention  of  the  continuous  kiln  and  the  various  machines  dis- 
placing each  other  in  rapid  succession.    The  increased  technical  needs 
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going  hand  in  hand  with  these  innovations,  which  brought  the  chemists 
face  to  face  with  new  problems,  excited  their  interest  in  a  high  deg^ree. 

So  in  1869  Seger  decided  to  devote  his  knowledge,  his  work,  and  his 
life  wholly  to  the  service  of  the  clay  industries. 

After  the  he  had  been  practically  engaged  at  home  in  a  number 
of  clay  ware  factories,  and  had  made  himself  familiar  with  the  needs 
of  the  various  works  and  the  demands  made  on  raw  materials  and  prod- 
ucts from  the  standpoint  of  the  practical  man,  he  went  to  Belgium,  Eng- 
land and  Hungary— countries  whose  products  were  at  that  time  far 
superior  to  the  German  productions — for  the  study  of  the  various 
branches  of  the  industry. 

On  his  return  to  the  fatherland  he  became  connected  with  the  never- 
to-be-forgotten  Albrecht  Konstantin  Tiirrschmiedt  and  Friedrich  Hoff- 
mann. In  the  laboratory  of  the  Deutsche  Tapfer  und  Ziegler-ZeUung, 
founded  by  Tiirrschmiedt  in  1869,  he  soon  became  an  indispensable,  a 
sincere  admirer  and  a  true  friend  of  Tiirrschmiedt.  Mutually  inciting 
each  other  they  passed  their  days  together  at  hard  work,  and  the  annals 
of  the  iVi^/f^^^i//,  published  since  1865  by  the  Deutscher  Verein/urdie 
Fabrikaiian  van  Ziegeln,  Thanwaaren,  Kalk  und  Cement  and  edited  by 
Tiirrschmiedt,  give  evidence  of  the  esteem  in  which  Seger  was  held  by 
his  master,  and  the  warmth  of  the  relations  between  them.  How  often 
in  his  lectures  before  the  society  he  speaks  with  evident  love  in  sincere 
words  of  this  or  that  observation  of  his  friend  S^er !  In  the  Notizblatt 
appeared  in  the  year  1870  the  first  preparatory  greater  works  of  S^^, 
treatises  of  a  theoretical  character:  *'  The  Weathering  Process  of  Crys- 
talline Rocks  and  its  Influence  on  the  Structure  of  Ai^Uaceous  Forma- 
tions, * '  and  ' '  Crystallization  and  its  Significance  for  the  Clay  Industries,  *  * 
— ^treatises  which  beside  their  scientific  character  show  a  large  number  of 
the  closest  observations  on  the  nature  of  clays  and  give  a  prophetic  view 
of  the  problems  to  be  solved  in  order  to  free  the  day  industries  from 
empiricism.  If  we  call  to  mind  what  value  Tiirrschmiedt  very  properly 
laid  on  the  knowledge  of  the  structure  of  clays,  with  what  devotion, 
with  what  acumen  he  drew  this  into  the  field  of  his  observations,  nothing 
is  so  well  fitted  to  give  us  an  insight  into  the  relation  of  teacher  to  pupil 
as  to  see  how  completely  Seger  made  Tiirrschmiedt  *s  ingenious  observa- 
tions his  own.  To  us  younger  men,  who  have  been  trained  to  study  the 
history  of  this  work  from  the  banning  after  S^er  had  achieved  suc- 
cess, his  great  talent  for  the  recognition  of  the  needs  of  the  clay  indus- 
tries is  clear  from  his  first  works.  With  what  clearness  and  certainty  of 
aim  he  argues  the  necessity  of  the  observation  of  the  physical  properties 
of  clay ;  the  study  of  the  structure,  plasticity,  power  of  absorbing  water, 
contraction  in  drying  and  burning,  shape  and  size  of  the  grains  of  sand' 
and  rock-flour,  the  peculiarities  of  concretions! 
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Unfortunately  the  days  of  happy  work  were  suddenly  interrupted  by 
the  early  death  of  Tiirrschmiedt.  But  if  ever  prophetic  word  was  ful- 
filled, it  was  the  word  of  Friedrich  Hoffmann  when,  on  the  25th  of  Janu- 
ary, 1872,  he  proposed  to  the  above-mentioned  society  to  appoint  Seger 
as  editor  of  the  NoHzbiaitsvact  '  *  he  looks  upon  the  study  and  the  further- 
ance of  the  ceramic  industry  as  the  work  of  his  life. '  * 

In  addition  to  his  work  as  editor  of  the  NoHzblatt  Seger  undertook 
the  editing  of  the  Deutsche  Topfer  und  Ziegler-Zeitung  and  the  manage- 
ment of  the  laboratory  connected  with  the  latter  with  the  assistance  of 
Dr.  Aron,  the  friend  of  his  student  day^.  In  accordance  with  Tiirr- 
schmiedt's  bequest  we  see  the  two  friends  busied  with  the  investigation 
of  the  physical  properties  of  clays  by  means  of  the  washing  analysis  and 
with  investigations  concerning  the  causes  of  the  coloring  of  bricks. 

In  1872  the  NoHzblatt  publishes  a  series  of  letters  of  travel  in  which 
the  deceased  gives  his  views  concerning  a  large  number  of  methods  of 
manufacture  which  he  studied  at  the  factories  themselves,  both  at  home 
and  abroad.  The  content  of  these  letters  was  of  the  greatest  importance 
especially  for  that  time,  in  which  by  the  introduction  of  the  continuous 
kiln  and  machinery  a  gradual  transition  to  the  production  on  a  large 
scale  of  bricks  and  terra  cottatook  place,  and  when  also  in  allied  branches 
of  the  clay  industries  a  decided  advance  began  to  show  itself. 

The  reports  of  the  deceased  on  the  International  Exposition  at  Vienna 
(1875)  have  a  similar  importance.  In  these  and  in  his  letters :  "Concern- 
ing Oldenbui^  Clinkers, ''  "  Brick-making  along  the  Lower  Rhine  and  in 
Bdgium, "  **  Brick-making  in  England,  '*  *'  On  the  Production  of  Black 
Clinkers, "  "Notes  on  the  Production  of  Pressed  Bricks  from  Pulverized 
Clay,*'  we  are  informed  not  only  concerning  the  details  of  the  various 
methods  of  manufacture  and  the  use  of  the  products,  but  also  concerning  the 
economic  conditions  of  the  branches  of  industry  in  question,  so  that  the 
German  manufacturer  could  learn  much  from  this  picture  of  foreign  in- 
dustry. It  may  be  added  to  the  honor  of  the  German  manufacturers  of 
clay  wares  that  the  reproach  of  "less  intelligence  "  as  compared  with 
their  English  brethren  is  hardly  justifiable  to-day. 

Compare  the  reports  concerning  the  Nassau  Pottery  District  with 
those  concerning  the  potteries  of  Staffordshire.  What  recognition  he 
gives  to  the  pottery  schools  (Wedgwood  Institutions)  in  Burslem, 
Stoke  and  Etruria,  which  were  founded  and  are  kept  up  by  voluntary 
contributions  without  assistance  from  the  state,  which  are  provided 
with  libraries  and  museums,  and  in  which  are  taught  all  the  arts  and 
sciences  that  seem  helpful  to  the  pottery  business  !  But  how  was  it  with 
instruction  in  these  lines  in  Germany  at  that  time  ?  Pioneer  work  had 
to  be  undertaken  and  completed,  a  ceramic  science  had  to  be  created,  be- 
fore advice  and  instruction  could  be  given. 


XIV  THE  LIFE  OF  HERMANN  AUGUST  SEGER 

It  was  soon  found,  in  the  case  of  Hoffmann's  continuous  kiln, 
that  it  would  not  do  simply  to  fill  up  the  kiln  and  fire  away,  but  that 
the  water-smoking  process  had  to  be  carefully  watched,  and  that  the  pro- 
duction of  buff-face  bricks  from  materials  containing  lime  was  connected 
with  great  difficulties.  It  remained  for  Seger  to  explain  the  phenom- 
enon of  discolorations  on  bricks.  The  new  method  of  water-smoking 
in  which  dry  warm  air  from  the  burned  divisions  is  used,  as  well  as  the 
new  manner  of  burning  in  which  a  reducing  flame  is  produced  by  means 
of  a  reversed  draft,  how  simple  and  ingenious  they  were  in  their  man- 
agement, how  great  in  their  results ! 

It  has  always  been  the  way  of  great  men  to  be  plain  in  their  inten- 
tions. Only  the  charlatan  is  pleased  by  subtilities.  How  often  Seger 
modestly,  unconscious  of  his  true  greatness,  admonished  his  pupils  never 
to  make  anything  too  elaborate  when  questions  were  put  to  him  in  regard 
to  correcting  sources  of  faults  in  manufacture.  Thus  his  propositions 
for  the  burning  of  buff  bricks  from  clays  containing  lime  rest  on  the  sim- 
plest manipulations  possible,  based  on  the  observation  that  with  a  pre- 
vailing oxidizing  flame  the  sulphur  vapors  appearing  in  the  fire-gases 
change  the  calcium  carbonate  in  the  bricks  into  gypsum  and  prevent  its 
union  with  the  weaker  silicic  acid  while  in  a  flame,  temporarily  strongly 
reducing,  the  sulphuric  acid  is  volatilized  as  sulphurous  acid  and  the 
ferriferous  silicates  of  aluminium  are  caused  to  form  yellow  silicates  with 
the  lime.  This  observation  and  the  manner  of  burning  based  on  it  has 
made  the  continuous  kiln  popular,  for  however  highly  the  great  saving 
of  fuel,  going  as  high  as  60  percent,  as  compared  with  the  periodic  kilns, 
was  valued,  it  was  intolerable  for  a  large  number  of  factories  to  be  able 
to  bum  only  red,  flashed,  spotted  ware  instead  of  the  accustomed  buff 
brick.  What  we  do  not  read  in  the  papers  of  that  time  the  contempora- 
ries know:  how  Seger,  at  the  request  of  Hoffmann,  hastened  from  plant  to 
plant  to  introduce  the  new  process  of  water-smoking  and  the  burning  of 
buff  bricks  in  the  continuous  kiln  and  to  reestablish  the  strongly  doubted 
claim  of  the  continuous  kiln  as  a  suitable  kiln  for  the  burning  of 
face-bricks. 

In  the  meantime  the  work  in  the  laboratory  had  made  good  progress; 
Aron's  beautiful  treatises  concerning  the  plasticity,  shrinkage  and  other 
fundamental  properties  of  clay  caused  by  the  form  of  the  clay  particles 
(1873)  and  concerning  the  effects  of  non-plastic  ingredients  in  clays 
(1873)  must  be  mentioned  here;  Schone's  washing  apparatus,  although 
not  perfect,  proved  an  instrument  of  very  g^reat  value  tn  the  hands  of 
proper  observers.  But  it  was  soon  found  that  the  clay  substance  sepa- 
rated by  means  of  this  instrument  from  the  coarse  and  fine  sand  and  rock 
flour  was  not  to  be  considered  as  such  in  a  chemical  ^nse  as  it  had 
been  characterized  in  a  few  cases  relating  to  the  discovery  of  the  formula 
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of  kaolins  on  the  basis  of  a  rational  analysis,  but  that  only  in  a  physical 
sense  it  is  to  be  looked  upon  as  clay  substance,  as  the  bearer  of  the  plas- 
ticity. This  circumstance  led  Aron  to  the  idea  of  introducing  the  rational 
analysis  for  the  investigation  of  all  clays,  i.  e.,  to  separate  it  into  com- 
pounds chemically  united  in  themselves. 

The  hopes  connected  with  this  method  of  investigation  we  sec  ful- 
filled subsequently  in  the  most  brilliant  manner.  The  two  friends  had 
frequently  spoken  of  the  uselessuess  of  the  ultimate  anal3rsis  of  clays  for 
the  ceramic  industry  and  had  sought  a  means  for  the  better  understand- 
ing of  the  constituents  of  clay  in  the  washing  anal3r8is ;  only  the  rational 
analysis,  by  means  of  which  the  proportion  of  real  clay  substance,  of 
quartz  and  feldspar  in  clays,  could  be  found  gave  the  desired  clearness 
concerning  the  questions  at  issue. 

In  the  files  of  the  NotizhlaU  for  the  year  1876  we  find  the  great  essays 
of  Seger  concerning  **The  Constitution  of  the  Plastic  Clays  and  the 
Kaolins  *'  and  with  it  at  the  same  time  the  proof  of  the  eminent  impor- 
tance of  the  rational  analysis  for  the  knowledge  of  the  composition  of  the 
various  clay  products,  be  the  ware  porcelain,  white  ware,  stoneware,  or 
of  a  different  nature.  From  now  on  the  really  speculative  search  after  a 
suitable  composition  of  bodies  for  finer  clay  products  begins,  and  it  is  to 
be  looked  upon  as  an  indisputable  fact,  that  through  Seger 's  lead  the 
rational  analysis  has  given  its  present  position  to  finer  ceramics. 

We  will  not  conclude  this  period  of  activity  of  our  dear  master  with- 
out a  look  into  his  private  life  and  to  mention  his  marriage  to  Mrs.  Emma 
Schur,  fUe  Schmidt,  on  the  nth  of  September,  1875,  an  event  which  gave 
to  his  life  an  abundance  of  happy  days  and  to  his  mind  the  power  of 
facing  calmly  the  vicissitudes  in  human  affairs  to  which  we  are  subject. 

In  the  year  1877  Seger  gave  up  his  position  as  editor  of  the  Notiz- 
blatt  and,  to  make  his  life  independent,  founded  the  Thonindusirie- 
ZeUungy  together  with  Aron.  On  account  of  the  importance  which  was 
even  at  that  time  attached  to  his  work  for  the  clay  industries,  which 
henceforth  appeared  in  this  paper  and  the  confidence  which  everybody 
had  in  him,  the  undertaking  could  not  fail.  In  the  first  number  of  the 
Thanindustrie'ZeUung  of  the  2nd  of  December,  1876,  the  most  prominent 
ceramists,  among  others,  Dr.  C.  Bischof,  A.  Bemoully,  A.  Bleichert, 
Otto  Bock,  Dr.  Boehme  (later  director  of  the  Royal  Prussian  Experi- 
mental Station  for  the  Testing  of  Building  Materials),  Bues,  Dr.  Cohn 
in  Martinikenfdde,  A.  Hausding,  Dr.  A.  Heintz,  Dr.  C.  Heintzel,  Dr.  Hert- 
zog,  Hillig,  Kageler,  Dr.  R.  Kayser,  of  the  Bavarian  Industrial  Museum 
in  Niimberg,  Liebold,  Lietzmann,  G.  Mendheim,  C.  Nehse,  E.  Peters, 
W.  Reid  in  I/ondon,  J.  P.  Ruhne,  Dr.  Samow,  chemist  of  the  Royal 
Porcelain  Factory  in  Berlin,  Schepky,  F.  Steinmann,  Wesenberg,  Dr. 
K.  Wilkens,  G.  Zell,  and  Dr.  Zwick  had  promised  to  publish  their  work 
in  this  periodical. 
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The  thorough  study  of  the  technology  of  the  continuous  kiln  with 
the  use  of  the  most  difiFerent  clay  materials  was  set  forth  in  1877  in  a 
treatise  by  Seger,  entitled  **  Concerning  the  Position  of  the  Continuous 
Kiln  in  the  Clay  Industries,  * '  in  which  the  color  phenomena  of  the  yellow 
burning,  calcareous  clays  like  that  of  Birkenwerder,  the  red  burning, 
ferriferous  clays,  low  in  lime  like  that  of  Rathenow,  the  yellow  burning 
lignite  clays,  low  in  iron  and  containing  no  lime,  of  the  class  of  the 
Greppin-Bitterfeld  materials,  and  the  white  burning  kaolin-like  clays 
rich  in  alumina  and  low  in  iron,  under  reducing  and  oxidizing  conditions 
in  the  presence  of  sulphuric  acid  or  free  from  it,  have  been  set  forth  in  the 
most  thorough  manner.  The  exact  knowledge  of  the  phenomena  dis- 
cussed in  this  essay  is  still  of  immense  value  to  the  brick  burner,  and  a 
close  observer  will  obtain  much  information  in  regard  to  the  remedying 
of  defects,  from  the  study  of  these  statements,  especially  when  he  is  able 
to  keep  a  check  on  the  fire  by  means  of  gas  analysis  and  pyrometric 
cones.  For  this  purpose  the  departed  worked  out  a  suitable  method  for 
the  investigation  of  industrial  gases  (1878)  and  discussed  the  effect  of 
fire-gases  in  the  kilns  of  the  ceramic  industry  as  well  as  the  distribution 
and  composition  of  the  gases  in  kilns  (1879).  '^^^  cones  will  be  spoken 
of  later. 

On  account  of  the  esteem  in  which  the  deceased  was  held  far  beyond 
the  limits  of  the  **  German  Society  for  the  Manufacture  of  Bricks,  Clay 
Wares,  Lime  and  Cement, ' '  it  was  but  natural  that  the  Prussian  govern- 
ment at  the  founding  of  the  Chemical-Technical  Experiment  Station  at 
the  Royal  Porcelain  Factory  at  Berlin  secured  his  cooperation,  especially 
as  the  director  at  that  time.  Privy  Counsellor  Moller,  who  knew  how  to 
keep  in  touch  with  the  industries,  had  long  ago  taken  the  greatest  inter- 
est in  Seger 's  unusual  talents  for  the  investigation  of  the  foundations  of 
the  clay  industries.  Moller  accordingly  made  the  following  report  to 
the  Minister  of  Commerce,  Von  Achenbach,  on  the  2d  of  February,  1878, 
with  reference  to  filling  the  position  of  chief  of  the  institution  to  be 

founded:' 

Seger  belongs  to  the  very  small  class  of  chemists  who  have  acquired  a 

good  name  by  independent  valuable  work  in  the  field  of  ceramics 
hitherto  almost  altogether  neglected  by  science.    Moreover,  he  im- 
derstands  in  an  uncommon  degree  how  to  get  practical  results  from 
scientific  investigations,  and  is,  therefore,  just  the  man  for  the  place 
to  be  filled. 
Thus  Moller  chose  the  right  man,  who  alone  was  able  to  educate  a 
school  of  younger  chemists  by  his  activity  at  this  institution  in  the  ser- 
vice of  industry  and  manufacture. 


1  AccoTding  to  documents  kindly  placed  at  my  disposal  by  the  Director  of  the  Royal 
Porcelain  Factory. 
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Seger,  on  bis  part,  stipulated  that  he  be  permitted  to  continue  the 
publication,  together  with  Dr.  Aron,  of  the  Tkonindustrie-Zeitung  founded 
by  them.  If  the  main  motive  of  this  proviso  was  to  be  sought  in  the 
insufficient  salary  attached  to  the  position,  yet  Seger  in  the  correspond- 
ence that  preceded  his  call  correctly  emphasizes  the  fact,  in  agreement 
with  Moller,  that 

Nothing  is  so  well  fitted  to  keeping  in  close  touch  with  the  needs  of 
the  industry,  as  the  publication  of  a  technological  journal  of  a  wide 
circulation,  and  that  such  a  connection  is  an  indispensable  prerequi- 
site for  the  successful  working  of  the  Ceramic  ]^perimental  Insti- 
tute. 

It  was  also  the  desire  of  Seger  to  continue  his  lectures  at  the  Royal 
Technological  Institute  in  order  to  make  the  scientific  results  obtained 
useful  to  practice  in  the  shortest  way  possible. 

Under  these  auspices  Seger  was  entrusted  with  the  honorable  office 
of  head  of  the  Chemical-Technical  Experiment  Station  at  the  Royal  Por- 
celain Factory  on  the  ist  of  April,  1878. 

At  the  same  time  he  laid  down  his  duties  as  lecturer  in  the  Royal 
Technological  Institute,  but  kept  the  editorial  direction  of  the  Tkon- 
industrie-Zeiiung,  while  he  entrusted  the  laboratory  connected  with  it  to 
his  friend  Aron. 

It  was  quite  in  accordance  with  his  agpreeable  character,  that  in  his 
new  position  he  won  not  only  the  devoted  attachment  of  his  younger 
coworkers,  but  also  kept  the  approval  and  applause  of  the  private  indus- 
tries, and  gained  the  good  will  of  his  official  superiors.  The  activity  of 
the  revered  master  in  this  period  of  his  work  is  crowned  with  such  bril- 
liant successes  as  seldom  fall  to  tihe  lot  of  industrial  chemists. 

As  has  already  been  mentioned  Seger  spoke  against  the  absolute 
value  of  the  chemical  gross  analysis  even  before  the  introduction  of  the 
rational  analysis ;  in  the  following  years  he  set  forth  the  undisputed 
value  of  the  latter  in  a  series  of  essays  of  widely  differing  content.  He 
shows  its  importance  for  the  explanation  of  the  behavior  of  clays  under 
heat,  together  with  the  ultimate  analysis,  in  the  essay  '*  Concerning 
the  Influence  of  the  Essential  Constituents  of  Clay  on  the  Fusibility  " 
(1878),  and  for  the  composition  of  bodies  he  discusses  its  value  in  the 
treatises  •*  Investigation  of  Some  Bodies  for  Fine  White  Ware  *'  (1879), 
and  "Concerning  the  Composition  of  some  Foreign  Bodies  for  Hard 
Porcelain  "  (1880).  For  the  proportion  of  quartz,  feldspar  and  clay  sub- 
stance it  gives  fixed  points  of  support,  and  the  empirical  experiments 
with  reference  to  the  ratio  to  be  selected  between  kaolin  and  plastic  clay 
in  the  production  of  bodies  are  much  simplified  and  their  success  insured 
if  the  amount  of  quartz  and  feldspar  in  the  bodies  in  question  is  kept 
constant  and  the  proportion  of  kaolin  or  plastic  clay  is  changed,  carefully 
observing  the  respective  amount  of  clay  substance. 
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Extremely  interesting  is  the  essay,  **  Concerning  the  Relations 
between  the  Composition  of  the  Sennewitz  Kaolins  and  their  Behavior 
in  the  Fire  "  (1879),  ^^  which  Seger  sets  forth  the  strikingly  different 
behavior  with  regard  to  shrinkage  and  porosity  in  the  hottest  fire  to  be 
attained  in  porcelain  kilns,  in  fifteen  different  samples  of  Sennewitz 
kaolins  after  they  had  been  washed  as  fine  as  is  usual  in  factories.  While 
the  samples  richer  in  feldspar  produce  white  ware  at  this  temperature  or 
hard  porcelain,  if  the  feldspar  exceeded  5  per  cent,  the  trials  low  in 
feldspar  show  considerable  porosity  and  a  retention  of  their  earthy  char- 
acter, so  that  we  may  assume  that  at  this  temperature  there  is  no  appre- 
ciable influence  of  the  mineral  components  (quartz  and  clay  substance) 
infusible  at  this  temperature,  and  the  small  amounts  of  fluxes,  feldspar, 
and  iron  compounds  are  not  suf&cient  to  bring  about  such  an  effect.  It 
is  clear  that  such  properties  of  clays,  so  extraordinarily  useful  to  tech- 
nology, could  hardly  have  been  explained  without  separating  the  mate- 
rials into  clay  substance,  quartz  and  feldspar  (the  washing  anal3rsis  fails 
more  or  less  with  materials  washed  to  this  degree  of  fineness),  while 
with  a  knowledge  of  their  composition  according  to  definite  combinations 
they  become  very  prominent. 

The  essay  already  mentioned,  "Concerning  the  Composition  of 
Some  Foreign  Bodies  for  Hard  Porcelain  **  (1880),  which  may  be  looked 
upon  in  part  as  the  fruit  of  a  journey  of  study  undertaken  at  the  request 
of  the  government  in  the  year  1878  to  Belgium  and  France,  gave  the 
direct  impulse  to  S^^'s  greatest  creation,  the  invention  of  the  Seger 
porcelain  named  after  him. 

Among  the  porcelain  bodies  investigated  were  two  Japanese  bodies 
given  to  him  by  the  Counsellor  of  Commerce,  March,  which  with  a 
strikingly  small  proportion  of  clay  substance  as  compared  with  Euro- 
pean porcelains  showed  a  far  greater  plasticity  than  the  continental 
porcelains  richer  in  clay  substance.  This  behavior  suggested  to  Prof. 
Seger  the  introduction  of  plastic  white  ware  clays  for  the  production  of 
porcelain  bodies,  low  in  clay  substance  and  high  in  fluxes.  With  this 
was  given  the  base  for  the  Seger  porcelain  and  all  other  soft  porcelains 
patterned  after  it  that  consist  only  of  quartz,  feldspar  and  clay  substance. 
The  work  that  was  undertaken  by  Seger  for  the  investigation  and  repro- 
duction of  the  technique  and  methods  of  decoration  peculiar  to  Japa- 
nese porcelains  produced  a  veritable  flood  of  innovations  in  the  field  of 
porcelain,  in  a  surprisingly  short  time. 

From  the  report  made  by  our  dear  master  in  the  ThonindusirU' 
Zeitung  at  the  occasion  of  the  removal  of  the  experiment  station,  from 
quarters  occupied  by  it  provisionally,  to  the  building  especially  equipped 
for  it  on  the  ist  of  October,  1881,  the  fellow  ceramists  know  that  the 
departed,  in  company  with  W.  Timm,  a  thoroughly  proven  artist  in  the 
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cefamic  field,  had  tip  to  the  year  1886  worked  oat  the  foUowing  decora- 
tive techniqaes: 

For  porceUin :  Painting  nnder  the  glaze  in  the  gloat  fiie ;  painting 
in  gold  and  enamel  on  porcelain,  glazed  red  in  the  gloat  fire ;  painting 
between  two  layers  of  glaze ;  painting  in  relief  enamd  over  the  porcelain 


For  white  ware :  Painting  nnder  the  glaze ;  engobe  painting  on 
out  ware;  painting  with  transparent  pastes;  enamel  woric  in  Deck's 
technique  with  colored  glazes  and  solid  outlines ;  painting  with  relief 
enamel. 

This  work  had  not  merely  an  imitative  character,  but  bears  the 
stamp  of  the  most  independent  originality ;  in  the  development  of  these 
techniqaes  Seger  replaced  the  lead  glazes  hitherto  ezdosively  used  in 
the  prodnction  of  white  ware  and  in  other  branches  of  the  day  industries 
by  boric  acid  baryta  glazes,  free  from  lead ;  the  transparent,  relief-like 
lead  enamel  colors  used  on  Japanese  and  Chinese  porcelains  were  like- 
wise replaced  by  such  free  from  lead.  The  great  master  had  not  only 
succeeded  in  reproducing  the  technique  up  to  that  time  peculiar  to  ori- 
ental porcelains  such  as  the  red-flamed  suboxide  of  copper  glazes,  the 
green  seladon  glaze  and  the  decoration  with  transparent  relief  enamels 
and  in  explaining  their  character,  but  also  in  producing  an  overabundance 
of  new  technical  effects  and  new  colors.  I  mention  especially  the  intro- 
duction of  the  pink  glaze  and  the  egg-yellow  uranium  glaze  for  porce- 
lain, the  invention  of  an  extended  sode  of  hard  fire  under  glaze  colors, 
the  development  of  painting  between  glazes  for  porcelain,  in  which  the 
upper  glaze  is  burned  on  as  a  muffle  glaze  at  the  melting-point  of  silver, 
the  introduction  of  transparent  and  opaque  enamels  on  porcelain  in  all 
shades ;  particular  mention  deserve  the  red  suboxide  of  copper  glazes 
shading  off,  at  times,  into  blue  and,  at  times,  into  green,  and  the  paint- 
ing with  suboxide  of  copper  colors  under  the  glaze.  The  work  executed 
in  these  techniques  by  Timm  's  artistic  hand  was  shown  first  at  the  Christ- 
mas fair  in  the  Berlin  *'  Architekten  Hans,  *'  in  1880,  and  later  at  an  ex- 
position given  by  the  Austrian  Industrial  Museum  in  Vienna,  in  1881. 

A  complete  report  concerning  the  manufacture  of  the  S^;er  porcelain 
was  made  in  the  files  of  the  ThonindusMe-Zeitung  for  the  years  1891  and 
1892  after  Prof.  S^^er  had  resigned  his  office. 

Just  as  he  built  up  the  composition  of  bodies  according  to  entirely 
new  views  on  the  rational  analysis,  so  also  the  way  in  which  the  great 
man  deduces  the  colored  glazes  from  the  colorless,  and  the  muffle  glazes 
and  enamels  from  the  hard  fire  glaze  by  stoichiometric  calculation  from 
the  molecular  formula  based  on  ingenious  speculation  and  on  exact  rea- 
soning, has  wrought  out  new  paths  and  new  methods. 

Concerning  the  techniques  already  mentioned  for  the  decoration  of 
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white  ware  we  find  exhaustive  reports  in  the  Thanindustrie-Zeihing  for 
the  year  1884 ;  in  this  place  it  should  be  mentioned  that  the  experiments 
with  hard  white  ware  bodies  free  from  lime,  patterned  after  those  of 
Choisy-le-roi  and  English  t3rpes  were  carried  out.  It  would  take  too 
much  time  to  review  the  results  thus  obtained ;  the  industries  have  been 
able  to  make  use  of  them  and  ceramists  are  familiar  with  results  of  these 
investigations.  The  researches  concerning  boric  acid  and  bar^rta  glazes 
were  supplemented  in  1889  by  one  on  lime-alumina  glazes  which  have 
become  important  for  white  ware,  stoneware  and  a  number  of  other 
products. 

These  brilliant  successes  did  not  fail  to  be  recognized.  After  the 
death  of  his  fellow  student  and  friend,  Dr.  Hertzog,  in  1883,  who  had  but 
recently  been  appointed  Director  of  the  Royal  Porcelain  Factory  on  ac- 
count of  his  successful  activity  as  chemist  of  the  institution,  from  1866 
to  1873,  Seger  was  oflFered  the  position  of  director.  However,  since  his 
time  would  have  been  completely  occupied  by  the  management  of  the 
institution,  and  he  would  have  been  compelled  to  put  his  chemical  work 
into  the  background,  he  declined  the  o£Fer  of  this  honorable  position. 
In  April,  1885,  he  was  honored  by  the  bestowal  of  the  title  of  Professor. 

We  have  yet  to  mention  the  most  popular  work  of  the  departed, 
concerning  the  composition  of  the  *  *  Standard  Cones  for  the  Measurement 
of  Temperatures  in  the  Kilns  of  the  Ceramic  Industries  "  (1886).  These 
fusible  cones  which  have  been  made  accessible  to  the  general  industries, 
have  in  the  course  of  years  become  an  indispensable  aid  for  the  observa- 
tion of  the  burning  and  the  progress  of  temperature,  as  well  as  those 
mixtures  serving  for  the  determination  of  the  refractoriness  of  clays, 
added  to  the  former  in  1888. 

On  the  I  St  of  October,  Seger,  whose  health  had  been  seriously  affected 
for  some  time  by  his  restless  activity,  gave  up  the  office  of  head  of  the 
Experiment  Station  to  devote  all  his  time  to  the  periodical  founded  by 
him  and  the  laboratory  connected  with  it.  There  was  likewise  no  lack 
of  suggestive  publications  from  the  rich  treasure  of  his  knowledge  at 
this  time.  Besides  a  series  of  essays  on  the  production  of  the  Seger  por- 
celain ( 1 891-1892)  I  mention  his  work  on  the  composition  of  a  biscuit  body 
for  soft  porcelain  (1892),  on  the  production  of  roofing  tile  glazes  (1892), 
and  the  patent  on  the  manufacture  of  dinas  bricks  taken  out  in  company 
with  his  colaborer,  Cramer  (1893).  Ceramists  owe  to  him  also  ntmierous' 
apparatus ;  among  others,  a  burette  for  the  analysis  of  gases,  a  volume- 
nometer, a  down-draft  trial  kiln  using  illuminating  gas  as  fuel,  and 
the  kiln  using  wood  as  a  fuel  for  the  burning  of  Seger  porcelain. 

He  was  incessantly  active  for  the  interests  of  the  industry,  in  con- 
stant communication  with  fellow  ceramists  and  always  endeavoring  in 
the  most  disinterested  manner  to  serve  his  fellow  men  by  lecturing  in 
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the  society  and  by  instructing  young  technologists  at  the  occasion  of 
the  annual  courses  in  burning  given  by  the  society.  What  ever  makes 
a  scientist  immortal  fell  to  his  lot,  to  open  up  to  scientific  investigation 
an  industry  built  up  only  by  experience  and  handicraft,  which  supports 
millions  of  people,  which  was  nursed  in  its  first  beginning  in  hoary  an- 
tiquity by  untrained  hands,  which  has  become  a  criterion  for  the  develop- 
ment of  civilization  of  all  nations,  and  which  in  our  modem  time  has 
developed  an  artistic  activity  admired  by  the  whole  world. 

He  enjoyed  general  recognition,  the  fullest  confidence  and  warmest 
love  among  his  fellow  ceramists.  He  was  honorary  member  of  the 
Union  of  the  Ceramic  Industries  in  Germany  and  honorary  member  of 
the  Society  of  German  Manufacturers  of  Refractory  Products,  and  what 
he  did  as  member  of  the  council,  as  secretary  for  the  "  German  Society 
for  the  Manufacture  of  Bricks,  Clay  Ware,  Lime  and  Cement;*'  in  the 
way  of  devoted  and  sacrificing  work  will  remain  unforgotten^in  the 
hearts  of  those  who  have  labored  with  him. 

Hermann  August  S^er  was  a  noble  character.  One  needed  only  to 
look  into  his  open,  honest  countenance  to  be  convinced  of  the  sincerity 
of  his  words,  and  to  feel  the  kindliness  of  his  manner ;  his  departure  has 
inflicted  an  unhealing  wound  in  the  hearts  of  those  whose  good  star  had 
brought  them  near  to  the  departed.  There  was  nothing  equivocal  be- 
hind his  brow,  and  the  features  of  his  character  were  devotion  to  duty, 
modesty,  and  an  unlimited  willingness  to  serve.  Thus  he  provided  for 
his  own  family,  thus  he  lived  for  friends  and  students,  and  thus  he  will 
live  in  the  minds  of  us  who  knew  him,  honored  him,  loved  him. 

Dr.  H.  Hecht. 


A.  TREATISES  OF  A  GENERAL  SCIENTIFIC 

NATURE 


The  Process  of  Weathering  of  Crystalline  Rocks  and  Its  Influ- 
ence on  the  Structure  of  Clay  Bodies 


PROPBUOK  ChAS.  W.  MBSLOH,  TkAMSLATOK 

The  process  of  destruction  to  which  the  rocks  which  form 
the  earth's  crust  are  subjected  by  the  never-ending  activity  of 
the  water  and  atmospheric  influences,  causes  at  the  same  time  the 
beginning  of  new  formations.  The  material  in  constant  motion 
through  the  activity  of  natural  forces,  forms  a  substance  so  fruitful 
for  investigation  and  consideration,  especially  for  the  industries 
that  busy  themselves  with  the  production  of  clay  ware,  that, 
although  the  same  subject  has  been  treated  repeatedly  in  a  thor- 
ough and  scientific  manner,  it  does  not  seem  superfluous  to  re- 
view it,  because  an  illumination  from  various  sides  may  contrib- 
ute still  more  to  the  understanding  of  the  processes  so  important 
and  so  infinitely  varied,  and  because  only  in  this  way  is  it  possi- 
ble to  get  an  understanding  of  the  peculiarities  of  a  material  as 
rich  in  varieties  as  clay  is. 

Nowhere,  neither  in  organic  nor  inorganic  nature  do  we  find 
perfect  rest ;  matter  is  eternal,  but  the  form  in  which  it  appears 
is  subject  to  constant  change  ;  the  scarcely  finished  product  falls 
a  victim  to  the  never-resting  destructive  agency  of  natural  forces 
and  in  the  continual  change  gives  material  for  new  forms. 
Bven  the  firmest  rocks,  to  which  we  are  inclined  to  ascribe 
infinite  duration,  because  they  do  not  seem  to  undergo  a  notice- 
able change  in  the  short  time  of  human  observation,  cannot  for- 
ever resist  the  leveling  influence  of  water  in  union  with  oxygen, 
carbonic  acid,  and  change  of  temperature,  and  are  changed  in 
form  and  substance  or  are  completely  destroyed  and  moved  from 

their  position. 

I 
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By  weathering  we  understand  the  process  of  destruction  of 
a  rock  in  which,  through  external  chemical  and  physical  influ- 
ences, a  part  of  the  substance  is  removed,  and  thereby  a  les- 
sening of  the  cohesion  is  brought  about  so  that  it  is  possible 
for  mechanical  forces  to  carry  away  the  more  or  less  changed 
residue  from  its  former  position  and  deposit  it  elsewhere  to  form 

m 

new  strata. 

The  diversity  of  chemical  and  physical  properties  of  the 
masses  subjected  to  change  and  of  the  destruction  frequently 
modified  by  local  circumstances  causes  such  a  wealth  of  forms  to 
arise  and  offers  such  infinite  difiiculties  to  the  consideration  of 
the  same  from  common  points  of  view  that  the  sciences  engaged 
in  these  investigations  have  not  yet  succeeded  in  bringing  into 
this  chaos  of  peculiarities,  rules  and  exceptions,  that  clearness 
which  would  permit  the  industries  to  use  with  confidence  the 
scientific  results  and  obtain  from  them  the  help  which  they  so 
much  need  for  their  development 

On  account  of  the  generally  considerable  resistance,  espe- 
cially of  crystalline  rocks,  and  of  the  weak  action  of  the  forces 
entering  into  play,  the  weathering  process  occupies  very  long 
spaces  of  time  and  thereby  makes  difficult  the  study  of  the  phases 
through  which  it  runs  in  one  and  the  same  material,  so  that  only 
by  an  extraordinarily  large  number  of  single  observations  a  pic- 
ture of  the  same  may  be  obtained ;  and  it  is  to  this  slowness  of 
development  as  well  as  to  the  difference  of  the  raw  material  and 
the  kind  of  destruction  that  the  extraordinary  wealth  of  varieties 
of  the  product  is  to  be  ascribed.  If  in  the  case  of  a  single  min- 
eral we  consider  the  intermediate  stages  of  decomposition  with 
reference  to  its  chemical  character  and  physical  condition  this 
study  affords,  to  be  sure,  a  general  view  into  the  chemical  prop- 
erties as  well  as  the  structural  relations  of  the  product  of  decom- 
position, but  furnishes  such  a  changing  picture  that  it  seems 
almost  impossible  to  refer  the  individual  phenomena  to  the  real 
causes  and  their  effects  because  the  process  of  destruction  may 
take  a  different  course  in  different  places  and  at  different  times. 

Not  all  constituents  of  crystalline  rocks  can,  from  their 
chemical  nature,  furnish  clay  on  weathering,  and  probably  in  no 
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case  do  the  clay-forming  rocks  find  time  and  opportunity  to  un- 
dergo the  process  of  decomposition  to  the  last  stage — ^to  the 
formation  of  the  still  hypothetical  pure  clay  substance — ^but 
they  remain  in  the  intermediate  stage  which  more  or  less  ap- 
proximates the  latter.  Thus  besides  clay  in  the  widest  sense, 
there  arise  gravel  and  detritus,  sand,  rock-dust,  loam,  and  loess, 
or  if  the  process  of  weathering  and  destruction  is  interrupted  and 
changes  into  the  opposite  process,  the  embedding  and  cementing 
of  the  smallest  parts  with  or  without  the  taking  up  of  new  sub- 
stances, the  original  rocks  may  appear  again  in  the  form  of  con- 
glomerates and  breccias,  sandstones  and  shales,  perhaps  also  of 
crystalline  rocks,  with  all  possible  gradations  of  chemical,  mih- 
eralogical,  and  physical  variations. 

Of  all  the  rocks  which  furnish  the  material  for  the  forma- 
tion of  clay,  only  the  group  of  feldspathic  minerals  or  rather  the 
rocks  consisting  chiefly  of  these,  has  been  investigated  thoroughly 
with  regard  to  the  process  of  weathering,  while  the  decomposi- 
tion phases  of  the  minerals  forming  the  chief  materials  for  the 
origin  of  common  clays,  or  of  those  which  give  to  the  common 
days  their  peculiar  character,  and  cause  the  specific  differences 
as  compared  with  the  finer  clays,  are  so  much  obscured  that  a 
more  exhaustive  explanation  of  these  relations  must  be  reserved 
for  further  very  comprehensive  investigation. 

The  results  of  the  investigations  of  kaolins  and  plastic  clays 
which  we  owe  to  the  studies  of  Brogniart,  Forchhammer,  and 
Bischof ,  and  which  permit  us  to  ascribe  the  origin  of  these  finer 
materials  to  the  decomposition  of  feldspar  and  the  minerals  rela- 
ted to  it,  do  not  justify  us  to  infer  the  properties  of  those  clay 
products  which  owe  their  formation  to  augitic,  zeolitic  and  vol- 
canically  metamorphosed  minerals,  and  although  in  the  investi- 
gations concerning  the  decomposition  which  these  substances 
undergo,  valuable  hints  are  given  for  future  investigation,  it  can- 
not be  denied,  that  at  present  that  transparency  of  results  has  by 
far  not  been  attained  which  the  practical  industries  demand  and 
science  must  at  some  time  give. 

If  it  is  therefore  impossible  to  determine  definitely  the 
chemical  relations  which  exist  between  clay  masses  and  the  rocks 
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producing  them,  there  is  yet  one  factor,  namely  the  parallel 
structure,  which  is  common  to  all  products  of  the  decomposition 
of  crystalline  rocks.  It  claims  the  highest  interest  of  the  indus- 
tries engaged  in  working  them,  whether  it  has  advanced  to  a 
complete  stratification,  as  with  many  sedimentary  clays,  or  is 
noticeable  only  for  short  distances,  as  with  kaolin. 

A  phenomenon  which  has  the  greatest  significance  for  the 
inner  structure  of  clay  beds  is,  that  all  crystallized  bodies  show 
an  unlike  cohesion  in  various  directions,  and  that  this  difference 
of  inner  structure  is  wont  to  show  itself  in  a  well-defined  cleav- 
age of  crystals  in  a  certain  direction  in  a  degree  as  much  greater 
as  the  axes  of  the  crystals  differ  in  their  relations. 

Only  with  the  crystals  of  the  regular  system  is  there  a  per- 
fect equilibrium  of  the  mutual  attractive  forces  of  the  smallest 
particles,  so  that  these  show  a  cohesive  force  in  three  directions 
perpendicular  to  each  other,  while  with  all  the  others,  that  is 
the  overwhelming  majority  of  all  crystalline  bodies,  the  connec- 
tion of  the  mass  appears  especially  weak  in  one  or  two  definite 
directions. 

It  is  especially  the  influence  of  this  difference  of  cohesion 
on  the  structure  of  clay  beds  to  which  I  wish  to  call  attention. 
In  doing  so  I  pass  by  the  other  qualities  of  clay,  because  this 
one,  together  with  plasticity,  is  perhaps  the  only  one,  which  ap- 
pears common  in  a  more  or  less  degree  and  is  so  eminently  able 
to  increase  the  technical  difficulties  of  clay  working. 

The  feldspathic  rocks  of  which  we  must  assume  that  they, 
through  the  process  of  weathering,  furnish  the  material  for  the 
formation  of  kaolins  and  plastic  clays  as  well  as  an  essential  con- 
stituent of  common  clays  and  brick  clay — ^the  difficultly  fusible 
part — show  the  phenomenon  of  unlike  cleavage  in  a  very  stri- 
king manner  and  as  soon  as  they  contain  considerable  amounts  of 
sodium  and  calcium  are  strongly  subjected  to  the  destructive 
influences  of  the  atmosphere,  so  that  the  relations  in  question 
may  best  be  observed  in  them. 

The  decomposition  o^  the  feldspathic  constituents  of  crystal- 
line rocks  b^ns,  as  a  rule,  on  the  surface  of  the  individual  crystal 
and  shows  itself  in  a  dimming  of  the  crystal  surface  and  a  dull- 
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ness  of  the  body.  If  we  examine  such  a  crystal  in  the  first  stage 
of  weathering  under  the  microscope,  we  see  that  it  is  traversed 
by  numerous  very  fine  cracks,  more  or  less  deep,  which  appear 
best  defined  in  a  direction  parallel  to  the  plane  of  the  greatest 
cleavage.  Through  the  influence  of  the  water  and  the  carbonic 
acid  dissolved  in  it,  some  constituents,  the  alkalies,  lime,  silicic 
acid  are  carried  away,  and,  assuming  a  pure  potassium  feldspar, 
the  mineral  would  suffer  a  loss  of  about  53  per  cent  on  complete 
transformation  into  clay.  It  is  clear  that  with  such  a  loss  of 
substance,  even  at  the  beginning  of  the  process  of  decomposi- 
tion, either  a  diminution  of  the  mass  or  a  loosening  of  the  struc- 
ture must  appear.  Theoretical  grounds  as  well  as  observation 
are  opposed  to  the  former.  With  a  new  arrangement  of  the 
smallest  parts,  which  is  accompanied  by  loss  of  cohesion,  the 
breaks  naturally  take  place  in  those  directions  in  which  the 
least  mechanical  resistance  is  to  be  overcome,  that  is  in  the 
direction  of  the  planes  of  principal  cleavage. 

It  is  a  phenomenon  pervading  all  the  processes  of  chemical 
affinity,  that  the  degree  of  its  action  is  very  much  influenced  by 
the  physical  condition  in  which  the  active  substances  find  them- 
selves, and  that  also  the  conditions  of  cohesion  produced  by  the 
difference  of  molecular  attraction  are  of  considerable  importance. 
Substances  which  are  vigorously  attacked  in  a  finely  divided 
state  or  loose  aggregation  show  a  trifling,  frequently  altogether 
vanishing,  energy  in  r^^ard  to  entering  into  combinations  with 
other  substances  when  they  pass  over  into  a  denser  or  crystalline 
condition ;  in  a  similar  manner  crystallized  bodies  are  not  at- 
tacked with  the  same  force  from  all  directions,  but  suffer  de- 
struction soonest  from  those  sides,  on  which,  on  account  of  the 
inner  structure,  they  show  less  density  and  cohesion.  Since 
through  the  ready  splitting  of  feldspathic  rocks  the  easier  chem- 
ical attack  from  one  direction  has  already  been  indicated,  and 
through  the  breaking  up  of  the  crystal  into  a  number  of  thin 
plates  the  entrance  and  the  destructive  effects  of  the  water  is 
especially  favored  in  the  same  direction,  it  is  clear  that  the 
weathering  must  have  the  mechanical  effect  of  breaking  up  the 
minerals  into  laminae,  becoming  thinner  and  thinner,  which 
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finally  reach  the  d^;ree  of  great  fineness  as  the  glittering  mineral 
fragments  of  rock  flour  will  frequently  show. 

The  influence  which  this  more  rapid  progress  of  the  process 
of  decomposition  exercises  in  a  definite  direction  on  the  struc- 
tural relations  of  the  product  of  weathering,  unless  at  the  same 
time  a  removal  of  the  masses  weakened  in  their  cohesion  has 
taken  place,  is  less  striking  than  where  at  the  same  time  there 
has  been  a  change  in  location.  The  products  of  decomposition, 
still  found  in  their  original  position,  yet  show  the  structure  of 
the  rock  out  of  which  they  have  come  forth,  even  though  some, 
what  distorted  by  the  loss  of  substance  and  volume.  In  most 
cases,  especially  then,  when  not  all  the  feldspathic  substance  has 
passed  over  into  an  amorphous  clay  mass,  there  still  appears  in 
the  latter  a  cleavage  corresponding  to  the  original  crystalline 
structure  produced  by  parallel  feldspathic  remnants ;  this  paral- 
lelism, however,  does  not  extend  beyond  the  limits  of  the  origi- 
nal individual  crystals  and  in  the  case  of  previously  very  fine- 
grained crystalline  texture  may  vanish  altogether  from  our  ob- 
servation, and  will  never  be  able  to  impress  upon  the  forming 
clay  mass  a  stratified  or  slaty  character  if  the  individual  crystals 
were  not  already  in  a  parallel  stratified  position  before. 

The  structural  relations  of  the  clay  must,  however,  become 
much  different,  if,  besides  the  weathering,  a  washing  has  taken 
place.  The  horizontal  parallel  structure  of  sedimentary  clay  beds 
is  caused  by  the  presence  of  layers  which  are  chemically  and  phys- 
ically difiEerent  from  others  near  by,  so  that  in  different  heights 
of  the  deposit,  sand,  rock  flour,  or  clay  predominates,  which  them- 
selves are  again  different  with  reference  to  grain,  permeability 
to  water,  and  plasticity  on  the  one  hand,  and  on  the  other  hand 
show  differences  in  the  mineral  detritus,  the  crystalline  residue 
appearing  in  extremely  thin  laminae  in  which  the  weathering 
process  has  not  progressed  to  the  complete  extraction  of  the 
alkalies  and  the  loss  of  crystalline  texture  connected  with  it 

A  small  fragment  of  rock,  transported  by  water,  with  at- 
tendant mechanical  grinding,  which,  entirely  neglecting  its  min- 
eralogical  character,  we  are  wont  to  call  a  grain  of  sand,  when 
of  a  certain  size,  will  in  general  possess  a  spheroidal  or  poly- 
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hedial  fonn  and  when  placed  upon  a  horizontal  surface  will  find 
itself  in  stable  equilibrium  in  the  most  varying  positions ;  quite 
difiFerent  is  it,  however,  with  the  crystalline  fragments  broken  up 
by  a  chemical  process  to  extremely  thin  flakes,  which,  carried 
away  in  company  with  the  amorphous  mass  of  clay  and  transported 
gently  on  account  of  their  lightness,  could  escape  destruction  by 
rolling  and  grinding.  Where  these  laminae  are  deposited  at  the 
same  time  with  the  clay  they  could  only  be  in  a  position  parallel 
to  the  surface  of  a  sediment,  that  is  horizontal,  because  with 
them  there  is  only  one  top  and  bottom  side  and  they  could  find 
support  in  no  other  position.  The  consequence  of  this  is,  that 
the  parallel  structure  formerly  belonging  to  the  individual  crys- 
tals but  not  to  the  crystalline  rock  as  a  whole,  has  now  been 
transferred  to  the  whole  sedimentary  deposit  in  a  greater  or  less 
degree  whether  this  deposit  be  clay,  or  on  account  of  later  meta- 
morphosis, shale,  slate,  or  mica  schist,  and  is  influenced  more  or 
less  by  the  fragments  of  rock,  rounded  and  bound  to  no  definite 
position  and  mechanically  broken,  and  amorphous  clay  masses. 

The  presence  of  these  infinitely  thin  and  dust-like  mineral 
remains  with  their  corporeity,  aiming  for  a  definite  structure  of 
the  day  masses,  may  be  followed  with  the  help  of  a  microscope 
through  all  varieties  of  the  same. ,  The  weakening  of  the  cohe- 
sion, however,  and  diminishing  of  the  plasticity  so  disturbing  in 
the  industries  appears  in  a  much  less  degree  with  the  kaolins  in 
their  original  beds  and  with  the  unstratified  plastic  clays  than 
with  the  sedimentary  clays,  loam  and  marl  deposits. 

It  seems  striking,  in  view  of  the  apparent  importance  of  the 
physical  condition,  that  in  the  majority  of  investigations  which 
we  have  concerning  clays  so  little  attention  has  been  given  to  this, 
and  that  no  regard  has  been  had  for  the  chemical  difiFerence  of 
the  constituents  often  visible  to  the  naked  eye,  but  that  in  a  one* 
sided  way  all  was  thrown  into  one  pot ;  or,  if  a  separation  of 
sand,  rock  flour  and  clay  was  attempted,  the  investigator,  except 
in  a  few  cases,  was  satisfied  with  the  determination  of  the  mutual 
relations  by  weight  without  looking  more  closely  at  the  pecu- 
liarities of  the  various  components. 

When,  in  former  years,  we  were  again  and  again  urged  in 
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the  works  of  Tuerrschmiedt,  published  in  the  NotizblcUi^  to  in- 
vestigate the  properties  of  clay  in  all  directions,  especially  on  the 
physical  side,  an  uigent  admonition  may  not  seem  superfluous 
in  view  of  the  deficient  knowledge  which  we  have  concerning 
the  peculiarities  of  this  important  material ;  science  finds  itself 
in  rather  a  helpless  condition  in  the  face  of  the  demands  that 
practice  makes  upon  it,  not  so  much  because  the  points  of  view 
from  which  it  must  work  for  the  end  are  not  sufficiently  fixed, 
but  because  that  method  has  been  wanting  which  furnishes  re- 
sults of  real  practical  use  for  the  ceramic  industries. 

Clayey  masses  serving  for  the  manufacture  of  glass  and  cement 
in  which  their  character  has  been  utterly  destroyed,  require  a 
determination  of  their  physical  properties  in  a  much  less  degree 
than  the  clays  intended  for  the  production  of  day  wares ;  in- 
deed, we  can  say  that  the  en  bloc  analyses,  as  they  have  hereto- 
fore been  carried  out  and  judged  in  practice  are  of  no  value  for 
the  clay  industries  if  a  more  dignified  place  is  not  given  to  the 
mechanical  analysis  by  means  of  the  washing  apparatus  and 
microscope  side  by  side  with  the  chemical  analysis ;  only  then, 
when  this  gap  in  the  older  and  imperfect  examinations  has  been 
filled  out,  or  a  sufficient  number  of  new  ones,  having  more  re- 
gard for  the  physical  side,  have  been  fixed  for  the  examination  of 
the  qualities  in  question,  can  those  conclusions  be  drawn  from 
the  scientific  results  which,  as  in  other  branches  of  technology, 
will  wrest  from  crude  practice  that  respect  for  science  which  it 
needs  for  mutual  cooperation. 


Crystallization  and  Its  Significance  for  the  Clay  Industries 


Prof.  Chas.  W.  MsaiiOH,  Translator 

The  demands  which  the  cement  and  the  ceramic  industries 
make  on  the  qualities  of  clay  are  as  di£Ferent  as  the  purposes 
which  these  industries  pursue. 

In  the  manufacture  of  Portland  cement  we  have  in  mind 
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the  obtaining  of  a  product  of  a  definite  chemical  composition, 
and  since  the  character  of  clay  as  such  must  completely  vanish 
in  this,  the  mutual  relation  of  the  individual  constituents  is  to 
be  considered  above  all  things,  and  the  physical  condition  in 
which  these  are  found  must  be  considered  only  as  far  as  it  op- 
poses greater  or  less  difficulties  to  the  destruction  of  the  clayey 
character. 

The  clay  industries,  on  the  other  hand,  pursue  a  quite  di£Fer- 
ent  purpose  in  the  treatment  of  their  raw  material.  The  limits 
within  which  the  chemical  constitution  of  clay  may  vary  are 
very  wide  and,  since  the  clayey  character  of  the  material  is  to 
be  preserved,  its  physical  qualities  and  those  of  its  essential  and 
accessory  constituents  are  to  be  placed  in  the  foreground.  While 
for  such  a  purpose  the  chemical  composition  of  clay,  as  a  whole, 
appears  more  indifiFerent  and  accidental,  inasmuch  as  it  depends 
on  the  mutual  relation  of  clay,  rock  flour,  sand,  accidental  ad- 
mixtures and  their  chemical  constitution,  the  physical  properties 
of  the  same,  the  grain  and  its  form,  capillarity,  plasticity,  fusi- 
bility, etc.,  are  of  greater  importance,  and  the  chemical  constitu- 
tion of  each  one  of  these  constituents  is  to  be  considered  only  as 
far  as  it  permits  us  to  infer  the  physical  properties  of  the  whole. 
It  is  surely  a  serious  mistake  to  treat  materials  so  heterogeneous, 
chemically  and  mechanically,  as  the  clays  and  earths  used  in  the 
ceramic  industries  like  substances  chemically  and  physically 
homogeneous,  as  for  example  glass,  and  to  base  conclusions  with 
r^[ard  to  their  properties  on  their  chemical  composition. 

The  chemical  changes,  which  the  materials  of  the  ceramic 
industries  suffer  in  the  course  of  manufacture,  step  into  the  back 
ground,  with  the  exception  of  the  loss  of  chemically  bound 
water,  which  has  as  a  consequence  the  loss  of  plasticity,  and  must 
not  be  produced  in  the  same  degree  as  in  the  manufacture  of 
cement  and  glass  or  the  material  will  lose  its  earthy  character. 
In  fact  it  seems  advisable  to  drop  the  investigation  of  the  chem- 
ical composition  of  clay  as  a  whole  and  put  in  its  place  a  deeper 
study  of  the  composition  of  the  essential  and  accidental  constit- 
uents, in  order  to  infer  the  properties  of  the  whole  from  the  prop- 
erties of  the  components  thus  obtained.     For  example,  we  need 
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not  ask  how  much  pure  clay  and  silicic  acid  we  have  in  clay, 
but  what  part  of  the  day  and  silicic  acid  belongs  to  the  sandy 
constituent  of  the  clay,  what  part  to  the  silty,  or  the  clayey  con- 
stituent, and  what  physical  properties  must  we,  according  to 
these  data,  ascribe  to  the  sand,  rock  dust,  clay,  etc.,  individ- 
ually. 

Just  as  important  an  influence  on  the  physical  properties  of 
clay  as  the  chief  constituents  of  the  same,  have  the  accidental 
accessory  admixtures,  since  these  are  more  easily  subject  to 
changes  and  change  of  place  within  the  clay  mass  than  the 
former,  chemically  more  indifferent,  whereby  changes  are  pro- 
duced in  the  clay  which  have,  as  a  consequence,  qualities  unde- 
sirable in  its  manufacture. 

In  stating  that  in  the  consideration  of  clayey  masses  from 
a  ceramic  standpoint  the  physical  properties  of  the  whole  are  to 
be  placed  in  the  foreground  and  that  the  chemical  properties 
do  not  justify  us  in  drawing  conclusions,  but  only  are  of 
value  when  one  resolves  the  heterogeneous  mass  into  its  elements 
and  tries  to  determine  their  chemical  qualities,  and  basing  on  this, 
also  their  physical  properties,  a  method  is  indicated  which  de- 
mands a  far  more  complicated  process  of  investigation  than  has 
so  far  been  used,  but  on  the  other  hand  justifies  us  in  draw- 
ing conclusions  reaching  farther  than  the  en  bloc  analyses  here- 
tofore chiefly  used  for  technical  purposes.  If  in  some  cases  a 
separation  and  a  separate  analysis  of  the  pure  clay  substance  had 
been  made  and  the  other  constituents  not  considered,  this  is  justi- 
fied, where  it  is  a  question  of  a  purely  scientific  speculation  di- 
rected to  one  point,  whereas  in  the  treatment  of  the  material  for 
technical  purposes  the  determination  of  the  properties  of  the 
other,  sometimes  predominant  non-clayey  constituents,  is  just  as 
much  justified  as  that  of  the  clay  substanqe. 

It  can  not  be  denied  that  in  the  examinations  of  clays  scrup- 
ulously accurate  analyses  of  the  material  have  heretofore  been 
made  but  that  little  has  been  learned  concerning  structure,  con- 
dition of  plasticity,  power  of  absorbing  water,  shrinking  on  dry- 
ing and  burning,  form  and  size  of  the  grains  of  sand  and  rock 
dust,  concerning  the  peculiarities  of  the  concretions,  concerning 
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efflorescences  and  incrustations,  and  in  stating  that  in  the  con- 
sideration of  the  properties  of  clay  for  the  purposes  of  the  clay 
industries  we  must  put  ourselves  more  upon  a  physical  than  a 
chemical  standpoint,  permit  me  to  consider  more  in  detail  the 
efiFects  of  the  force  which  has  the  greatest  influence  on  the  prop- 
erties of  clay  and  the  wares  produced  from  it,  which,  as  no  other, 
working  mysteriously  and  in  secret,  can  slowly  but  surely  bring 
about  the  greatest  changes  and  destruction.  I  mean  the  power 
with  which  the  smallest  particles  of  similar  matter  strive  to  ar- 
range themselves  into  geometrically  limited  bodies :  the  power 
of  crystallization.  We  shall  have  to  consider  its  influence  from 
various  points  of  view,  namely : 

1.  With  regard  to  the  structure  of  the  raw  materials. 

2.  With  regard  to  the  capability  of  further  weathering,  and 
the  fusibility  of  the  clay. 

3.  With  regard  to  the  destruction  of  the  products  of  the 
clay  industries  through  this  force. 


If  through  a  large  number  of  investigations  and  by  numer- 
ous observations  of  the  weathering  of  crystalline  rocks  it  seems 
proved  that  the  extended  and  exceedingly  varied  group  of  rock 
forms  which  we  know  as  clay,  shale  and  slate  owe  their  origin 
to  a  chemical  decomposition,  mechanical  splitting  and  breaking 
up  by  friction  and  grinding,  the  thought  arises  whether  the  in- 
verse process,  as  chemical  science  offers  it  more  frequently,  re- 
generation can  not  take  place  by  a  transposition  of  the  individual 
constituents  to  new  combinations,  and  the  taking  up  of  sub- 
stances lost  in  the  weathering  by  new  infiltrations. 

We  are  led  to  this  speculation  by  the  structure  of  some 
kinds  of  porphyry  which  cannot  hide  the  character  of  a  rock 
formation  formed  by  sedimentation,  as  well  as  by  gneiss  and 
mica  which  show  a  most  pronounced  cleavage,  also  by  the  transi- 
tions which  we  find  in  many  places  from  clay  through  slate  and 
mica  to  pronounced  crystalline  feldspathic  rocks. 

If  we  consider  all  these  formations  without  regard  to  their 
chemical  constitution,  keeping  in  mind  only  their  physical  state, 
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we  see  an  uninterrupted  series  of  the  same  peculiarities  in  a 
varjring  d^;ree,  which  tempts  us  to  ascribe  a  common  origin  to 
all  these  products  and  to  ascribe  their  difiEerence  only  to  the  de- 
gree and  the  time  of  the  action  of  those  forces  which  have  im- 
pressed changes  upon  all  of  them  without  destroying  their  char- 
acter altogether.  Just  as  in  the  case  of  the  weathering  process 
we  can  follow  an  uninterrupted  scale  from  crystalline  rocks,  dis- 
turbed in  their  cohesion  by  coarse  detritus,  sand  and  clay,  so 
also  by  an  inverse  metamorphosis  and  infiltration  we  can  pass 
from  the  detritus  again  to  the  solid  rocks,  the  slates,  sandstones, 
conglomerates  and  breccias  up  to  forms  with  a  pronounced  crys- 
talline structure. 

Even  if  nature  does  not  grant  to  the  human  eye  a  look  into 
her  most  secret  workshops,  if  she  does  not  show  how  she  changes 
clay  into  shale,  sand  into  sandstone  and  wacke,  or  forms  a  crys- 
talline lime  or  marble  out  of  the  deposits  of  calcareous  shells,  if 
she  has  not  yet,  up  to  this  time,  permitted  us  to  determine  the 
conditions  under  which,  in  heaps  of  detritus  formed  by  friction 
and  weathering,  the  like  constituents  move  to  certain  centers  of 
concentration  and  become  new  crystalline  formations,  specula- 
tive science,  by  a  comparison  of  the  products  upon  which  these 
unknown  influences  have  worked  for  an  unlike  duration  of  time 
or  with  unequal  intensity,  yet  furnishes  a  hold  as  to  how  these 
may  have  originated  and  brings  us  closer  to  the  workshop  of  na- 
ture, for  the  most  part  not  accessible  for  direct  observation. 

We  have  not  yet  succeeded  in  seeing  in  nature  those  bodies 
which  in  ordinary  life  seem  insoluble  in  liquids  arise  and  grow 
as  crystals,  yet  they  may  be  observed  as  accomplished  facts  in 
every  rock,  and  by  their  being  found  in  company  with  others, 
by  their  position  and  structure  they  show  that  the  formations 
must  have  taken  place  under  difiEerent  circumstances  than  science 
has  attained  in  some  happy  artificial  imitations,  because  the 
processes  of  nature  take  place  more  slowly  than  do  scientific  in- 
vestigations in  which  more  powerful  agencies  must  be  employed 
because  human  observation  is  limited  to  a  short  space  of  time 
for  the  observation  of  natural  processes. 

As  has  been  stated,  science  is  not  yet  in  position  to  deter- 
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mine  beforehand  and  explain  sufficiently  the  conditions  under 
which  formations  in  the  surface  of  the  earth  can  assume  another 
form.  What  appears  to  have  been  explained  rests  in  part  on  a 
blind  belief  in  authority  which  retards  true  investigation,  or  it 
is  a  structure  of  speculations  based  on  an  insufficient  number  of 
observations,  which  to-day  or  to-morrow  can  break  down  under 
the  force  of  new  facts.  I  do  not  deem  this  the  place  to  discuss 
the  scientific  quarrels  concerning  the  origin  and  change  of  rocks 
and  to  weigh  the  pros  and  cons  of  the  various  views,  but  to  dis- 
cuss rather  matters  of  practical  interest  in  speaking  of  the 
changes  in  the  substance  of  clay  masses  and  the  influence  which 
these  may  have  on  the  physical  properties,  and  if  I  am  obliged 
to  consider  some  times  other  allied  rock  formations  it  is  only 
because  certain  peculiarities  of  clay  are  seen  in  them  in  a  more 
striking  way. 

If  in  the  previous  essay  the  influence  was  set  forth  which 
the  crystalline  condition  of  a  rock  has  on  the  structure  of  the 
clay  arising  from  it  by  weathering  and  removal,  we  have  only 
arrived  at  the  regular,  horizontally  stratified  deposits  whose  oc- 
currence in  nature  forms  the  exception ;  the  other  structural  re- 
lations, the  concretions,  etc.,  find  no  explanation  in  it 

It  is  a  peculiar  force  varying  very  much  in  its  intensity  in 
various  compounds,  which  so  works  upon  the  smallest  particles 
of  matter,  that  especially  •then,  when  the  state  of  the  molecule 
has  a  certain  freedom  of  motion,  that  is,  in  the  liquid  or  gaseous 
state,  on  passing  into  the  solid  state  similar  elements  assume 
such  a  position  in  regard  to  one  another  that  bodies  arise  which 
are  bounded  by  plane  surfaces,  intersecting  each  other  at  constant 
angles,  and  that  the  tendency  to  deposit  themselves  on  a  similar 
substance  and  therefore  to  form  as  large  crystals  as  possible  is 
in  many  cases  so  great  that  through  the  act  of  crystal  formation 
forces  are  produced  which  are  often  enormous.  The  attractive 
force  of  the  smallest  particle  of  a  crystallizing  body  which  gives 
rise  to  the  formation  of  the  crystal  finds  a  constant  resistance 
within  the  surrounding  medium  in  the  firmness  of  the  latter  and 
if  the  e£Eects  of  the  molecular  attraction  on  the  medium  are  not 
always  the  san^e  it  has  its  reason  in  this,  that  the  former  as  well 
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as  the  firmness  of  the  latter  may  vary  between  the  widest  limits, 
according  to  the  properties  of  the  materials  in  question  and  the 
circumstances  which  happen  to  prevail. 

It  is  probably  not  superfluous  to  mention  that  the  essence 
of  a  crystalline  condition  is  not  to  be  sought  in  the  development 
of  a  mathematical  boundary  as  much  as  in  the  presence  of  the 
structure  of  the  mass  which  stands  in  a  certain  relation  to  the 
external  boundary  and  shows  itself  in  the  most  cases  in  a  cleav- 
age in  one  or  more  directions,  which  is  quite  constant  in  crystals 
of  the  same  substance  and  form.  A  body  which  is  limited  by 
plane  surfaces  is  for  this  reason  by  no  means  a  crystal,  but 
only  becomes  one  when  the  external  boundary  appears  as  the 
expression  of  the  internal  structure;  on  the  other  hand,  the 
great  mass  of  minerals  occurring  in  nature,  with  the  exception 
of  comparatively  rare  and  therefore  all  the  more  admired  cabinet 
specimens,  do  not  show  the  bright  surfaces  so  striking  in  these 
bnt  may  nevertheless  be  crystallized,  if  the  crystalline  arrange- 
ment and  its  consequent  peculiarities  show  it,  though  the  exter- 
nal surfaces  could  not  be  developed  for  the  most  part  on  account 
of  lack  of  space. 

It  can  therefore  not  seem  strange  to  us,  when  in  the  appear- 
ance of  crystalline  substances  nothing  is  to  be  observed  of  the 
mathematical  bounding  planes,  while  the  substance  in  other  re- 
spects shows  all  the  peculiarities  of  the  crystalline  conditions. 

As  stated  above,  the  formation  of  a  crystalline  substance 
presupposes  a  certain  freedom  of  motion  of  the  molecules  to  de^ 
posit  themselves  side  by  side  according  to  definite  systems,  and 
where  this  is  wanting  and  all  constituents  are  in  the  solid  state 
an  external  mechanical  influence  will  be  necessary,  as  we  can 
observe  in  the  crystallization  of  railroad  car  aides  in  consequence 
of  long  continued  blows. 

In  general  we  can,  however,  say  that  for  the  formation  of 
crystals  at  least  one  solvent  must  be  present  for  one  or  several 
constituents  of  a  crystal-forming  body,  to  bring  about  the  condi- 
tion of  freedom  of  molecular  motion,  and  in  fact  the  crystals 
occurring  in  nature  with  the  exception  of  the  real  volcanic  prod- 
ucts, in  which  other  circumstances  play  a  part,  may  be  referred 
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to  the  influence  of  a  solvent.  The  liquid  working  in  the  above- 
mentioned  manner  in  the  natural  phenomena  can  hardly  be 
any  other  than  water,  whose  dissolving  force  is  mostly  increased 
by  dissolved  carbonic  acid,  oxygen,  organic  substances,  salts  and 
a  higher  temperature. 

We  shall  hereafter  consider  chiefly  the  influence  of  water 
as  the  cause  of  changes  in  the  clay  and  observe  the  effects  which 
it  may  exert  on  the  structural  relations  of  the  clay. 

It  is  a  fact  long  known,  that  dissolved  salts,  even  when 
they  are  present  in  small  quantities,  can  bring  about  the  cemen- 
tation of  bodies  to  solid  masses,  quite  insoluble  in  the  same  sol- 
vent, whereas  with  the  absence  of  the  former  they  dry  up  to  an 
incoherent  mass.  Slate  and  the  forms  related  to  it  are  generally 
considered  as  having  arisen  from  clay  deposits  by  hardening, 
and  this  hardening  has  in  most  cases  been  brought  about  by  the 
interdeposition  of  a  feldspathic  mass  which  has  in  part  changed 
the  original  clay  substance,  in  part  simply  cemented  it  How 
this  cementing  substance  got  into  the  clay  deposits  or  was  formed 
from  its  constituent  parts  is  a  question  which  has  caused  a  vio- 
lent polemic  in  the  geological  world,  which  seems,  however,  to 
be  decided  in  favor  of  those  who  see  in  it  an  effect  of  water,  per- 
haps with  the  cooperation  of  an  increased  temperature,  while  the 
defenders  of .  the  purely  igneous  metamorphosis  begin  to  find 
their  position  desperate. 

In  the  consideration  of  the  structure  of  clayey  deposits  we 
are  struck  not  only  by  a  separation  in  a  horizontal  direction  that 
shows  itself  at  a  first  glance  as  the  consequence  of  sedimentation, 
but  we  find  yet  other  phenomena,  which  teach  us  that  after  the 
deposit  was  made  changes  have  taken  place  in  the  material; 
these  changes  may  be  divided  into  such  as  have  been  called  forth 
by  purely  chemical  effects  through  the  agency  of  water  and  into 
mechanical  changes  which  in  most  cases  find  their  first  cause  in 
a  chemical  process. 

After  the  completion  of  the  weathering  and  washing  pro- 
cess, which  the  original  rocks,  from  which  clay  has  been  derived 
undergo,  the  chemical  effect  of  the  water  and  atmospheric  agencies 
does  not  cease,  but  exercises  its  influence  still  farther  according 
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to  circumstances.  A  further  weathering  or  lixiviation  takes 
place,  or  certain  substances  are  dissolved  and  deposited  elsewhere 
or  on  a  similar  substance,  that  is  a  wandering,  as  it  were,  of  sin- 
gle constituents  takes  place  within  the  clay  mass  or  there  is  an 
introduction  and  fixing  of  substances  not  before  belonging  to  the 
clay  substance. 

In  all  these  cases  water  plays  a  very  essential  part  as  the 
vehicle,  but  the  success  of  its  effects,  as  we  shall  see  farther  on, 
is  chiefly  caused  by  the  circumstance  that  in  its  circulation  a 
definite  direction  is  prescribed  to  it  by  the  manner  of  the  origin 
of  the  clay  bed.  Clay  in  its  moist  condition  in  the  earth  main- 
tains itself  impervious  to  water  in  a  direction  perpendicular  to 
the  stratification  as  no  other  formation  does  and  permits  the  cir- 
culation of  water  only  between  the  dividing  planes  of  its  strata 
and  in  the  channels  which  have  been  caused  by  the  interdepo- 
sition  of  foreign,  especially  v^;etable,  substances  and  in  the 
crevices  caused  by  crushing. 

This  effect  of  water,  limited  in  one  direction,  appears  as  of 
the  greatest  importance  for  the  changes  taking  place  in  the  clay 
mass,  in  so  far  as  a  definite  direction  is  again  given  by  the  one- 
sided circulation  of  the  water  to  the  decomposition,  new  forma- 
tions, and  concretions  taking  place  in  it 

We  know  from  the  measurable  fillings  in  cracks  and  hollow 
spaces  of  solid  rocks,  that  the  substances  deposited  there,  accord- 
ing to  their  nature,  show  such  a  structure  that  they  may  be 
scaled  in  a  direction  parallel  to  the  edges  more  easily  than  in 
other  directions,  or  that  they  show  a  cleavage  which  forms  a 
definite  angle  to  the  passage  way.  The  latter  case  is  true,  for 
the  most  part,  when  the  substance  filling  the  passage  way  is  in 
a  crystalline  condition  and  has  its  cause  in  this,  that  with  the 
one-sided  direction  of  the  liquid  causing  crystallization,  the  indi- 
vidual crystals  formed  have  taken  a  similar  position  in  regard 
to  it 

If  we  extend  this  experience  to  the  process  of  hardening  of 
clay  to  slate,  whether  this  was  caused  by  the  introduction  of 
new  substances  by  the  penetrating  water,  or  that  the  constitu- 
ents  of  the  cementing  substance  were  taken  from  the  clay  mass 
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itself,  then,  since  we  must  assume  the  water  circulation  in  par- 
allel but  infinitely  fine  crevices  lying  very  near  together,  the 
stratification  will  appear  still  more  prominently  with  a  deposi- 
tion of  the  cement  in  a  horizontal  direction  and  passes  over  into 
a  true  slatification,  whereas,  with  an  arrangement  of  the  cement- 
ing substance  at  a  certain  angle,  the  original  stratification  can 
be  weakened  or  vanish  altogether  while  in  its  place  there  ap- 
pears a  secondary  or  so-called  false  slatification. 

Daubr^  first  attempted  an  explanation  of  the  preservation, 
dislocation  and  secondary  slatifications  in  sedimentary  layers  and 
thought  this  ought  to  be  ascribed  to  the  effect  of  the  mechanical 
pressure  produced  by  the  weight  of  the  sometimes  very  thick 
layers  and  the  rock  masses  lying  upon  them. 

This  view  has  certainly  its  justification,  as  we  always  see, 
that  when  the  peculiarities  of  cohesion  of  a  compressed  body 
allow  a  change  in  form,  even  though  slight,  by  mechanical  pres- 
sure, a  parallel  structure  will  be  formed  which  runs  parallel  to 
the  pressing  surface.  We  see  this  structure,  for  example,  in  the 
case  of  iron  when  it  is  rolled  or  drawn,  where  after  etching  with 
an  acid  a  characteristic  arrangement  of  the  mass  always  appears ; 
in  rolled  plates  this  arrangement  is  laminar,  in  drawn  wires  it 
is  fibrous,  which  at  once  shows  itself  as  the  effect  of  the  pressure. 

This  explanation,  however,  does  not  suffice  for  all  cases, 
especially  does  it  not  show  how  this  external  pressure  could 
transmit  itself  so  equally  in  a  fixed  rock  formation,  that  the  di- 
rection and  intensity  of  the  dislocations  and  false  slatifications 
can  remain  constant,  while  in  other  phenomena  of  this  kind  we 
notice  the  effect  of  the  pressure  pronounced  in  the  neighborhood 
of  the  surface,  with  a  rapid  diminution  toward  the  interior.  We 
can  note  this  assumption  in  rapid  progression  even  in  soft  clay 
which  has  been  exposed  to  a  one-sided  pressure  on  the  potter^s 
wheel.  If  we  observe  with  a  magnifying  glass  the  broken  edge 
of  a  sherd  of  a  turned  vessel  we  find  that  through  the  manipula- 
tion, a  parallel  structure  has  been  formed  in  it,  that  the 
grains  of  sand  and  rock  flour  have  taken  such  a  position  under 
the  pressure  of  the  hand  that  their  longest  dimensions  are  ar- 
ranged in  the  direction  of  the  movement  and  the  pressure,  that 
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is,  parallel  to  the  inner  and  outer  side  of  the  sherd,  that  this 
structure,  however,  loses  its  intensity  a  few  millimeters  from  the 
surface  and  cannot  be  noted  at  all  in  the  center  of  a  somewhat 
thick  sherd;  In  the  natural  occurrences,  however,  we  must  mark 
yet  another  process  which  can  exert  a  pressure  on  the  hardening 
clay  masses  and  this  lies  in  the  process  of  hardening  itself,  in 
the  pressure  which  the  cementing  substance  exerts  on  the  in- 
closing medium  during  the  process  of  crystallization. 

There  are  enough  examples  known  that  show  with  what 
force  crystallizable  substances  attract  other  substances  like  them, 
strive  to  deposit  them  on  their  surface  with  an  enlargement  of 
the  individual  crystals  and  procure  for  themselves  the  necessary 
space  by  crowding  out  other  substances  or  taking  them  up  me- 
chanically within  their  laminae.  The  pressure  exerted  by  the 
formation  of  crystals  is  so  powerful  and  so  continuous  that  it  can 
not  well  be  imagined  in  any  other  way,  so  that  it  could  be  looked 
upon  properly  and  with  great  probability  as  the  only  or  at  least 
the  most  frequent  cause  of  the  elevation  of  the  mountains. 

That  such  an  exertion  of  force,  if  it  takes  place  in  the  in- 
terior of  a  clay  mass,  can  not  remain  without  a  far-reaching  influ- 
ence on  the  structure  of  the  same  is  clear,  and  if  to  this  is  added 
the  circumstance  that  to  the  pressure  produced  by  the  interdepo- 
sition  of  the  crystalline  cement  a  definite  direction  is  given  by 
the  one-sided  circulation  of  the  vehicle  causing  the  formation  of 
the  crystal,  that  is  of  the  water  with  the  substances  dissolved  in 
it,  it  cannot  seem  strange  to  us  if  the  effect  in  the  same  layers 
remains  the  same,  often  with  astonishing  constancy.  Since  the 
structure  forming  pressure  is  exerted  by  the  crystalline  surfaces 
of  the  infinitely  small  crystalline  particles  causing  cementing, 
the  cleavage  of  the  same,  however,  does  not  stand  in  quite  so 
simple  a  relation  to  the  external  boundary  surfaces.  We  will 
not  be  able,  as  a  rule,  to  form  a  conclusion  as  to  the  nature  of 
the  cement  from  the  direction  of  the  structure  produced  by  it, 
but  only  see  from  which  side  the  greatest  pressure  was  exerted 
in  the  formation  of  the  crystals. 

In  clayey  deposits  and  related  formations  there  are  frequently 
found  concretions  which  are  strikingly  distinguished  from  the 
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rest  of  the  mass  by  color  and  structure,  hardness  and  plasticity 
and  are  of  the  greatest  importance  to  a  clay  because  they  oppose 
considerable  difficulties  in  obtaining  the  homogeneity  abso- 
lutely necessary  for  clay  products  of  every  kind  as  far  as  this 
is  possible  from  the  nature  of  the  material.  The  most  varied 
explanations  have  been  attempted  of  the  origin  and  nature  of 
these  occurrences,  concretions  and  clay  balls,  but  no  solution 
is  altogether  satisfactory.  Surely  not  all  phenomena  of  this  na- 
ture can  be  placed  under  one  he^d,  since  the  structures  are  of 
the  most  varying  kind,  now  concentrically  laminar,  now  plane, 
now  breaking  up  in  cleavage  planes  at  a  constant  angle  to  each 
other,  now  without  any  prominent  stratification,  traversed  by 
veins  of  calcium  and  iron  oxide.  Some  have  thought  that  these 
formations  ought  to  be  looked  upon  as  subsequent  products  of 
weathering,  in  part  as  products  of  the  evaporation  and  contrac- 
tion within  the  clay  bed,  in  part  as  new  formations  or  begin- 
nings of  the  origin  of  feldspathic  crystals. 

That  these  concretions  are  not  always  secondary  products 
of  the  weathering  of  feldspathic  rocks  is  shown  even  by  their 
external  appearance.  They  possess  the  property  of  the  clay  to 
bind  a  certain  quantity  of  water  by  surface  attraction  and  to 
ofFer  a  certain  resistance  to  taking  up  of  more  water,  that  is,  of 
being  impervious  to  water,  frequently  in  a  far  higher  degree  than 
the  surrounding  clay  mass;  moreover,  they  often  show  themselves 
more  plastic  than  these  and  require  very  careful  manipulation 
in  order  to  embody  them  in  the  rest  of  the  clay  mass  to  the  ac- 
quisition of  a  certain  homogeneity.  These  concretions  would 
not  show  these  phenomena  if  they  were  a  product  of  subsequent 
weathering  or  were  still  in  the  stage  of  weathering,  because  we 
know  that  feldspar  in  its  change  into  clay  loses  55  per  cent  of 
its  weight  or  33  per  cent  of  its  volume ;  moreover,  the  product 
is  all  the  more  plastic  the  farther  the  weathering  has  progressed. 
A  hollow  space  would  therefore  have  to  arise,  oflFering  room  for 
other  deposits,  or  the  mass  would  have  to  be  in  a  less  dense  state 
than  we  observe  it,  for  under  these  circumstances  there  is  no 
cause  for  condensation. 

To  assume  drying  out  of  clay  beds  and  ascribe  to  it  the 
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condensation  .and  greater  resistance  of  certain  particles  seems 
even  less  admissible  than  weathering.  According  to  the  nature 
of  clay,  evaporation  can  take  place  only  on  the  surface ;  the  clay, 
then,  in  consequence  of  contraction  breaks  up  into  pieces  some- 
times quite  r^^ular  which  look  very  much  like  fragments  of 
crystals,  but  from  their  character  cannot  be  compared  with  them 
at  all ;  moreover,  how  some  parts  of  the  clay  bed  should  be  so 
much  favored  as  to  be  able  to  give  off  water  by  evaporation 
while  surrounded  on  all  sides  by  a  moist  substance  and  perhaps 
themselves  containing  passage-ways  for  water  in  the  form  of 
roots,  veins  of  iron  and  lime  in  their  interior,  cannot  be  imagined. 

The  deposits  in  clay  called  concretions  or  balls  are  from 
their  nature  always  condensations  of  the  mass,  and  such  conden- 
sations can  only  be  explained  by  a  mechanical  pressure  either 
from  without,  or  by  the  penetration  of  foreign  substances  and 
increase  of  substance  and  consequent  pressure  from  within,  and 
within  a  certain  space,  which  may  be  accompanied  by  a  simple 
cementation. 

To  determine  of  what  kind  these  deposits  and  transforma- 
tions within  the  clay  are,  and  the  changes  produced  by  them, 
we  altogether  lack,  on  the  one  hand,  positive  and  comparative 
observations ;  on  the  other  hand,  it  is  so  difficult  to  examine 
them  from  fixed  points  of  view  on  account  of  the  variety 
of  the  material  and  the  circumstances  which  give  rise  to  the 
changes  that  I  must  limit  myself  to  illustrating  the  phenomena 
of  this  kind  by  a  few  examples. 

If  organic  remains,  for  example  roots,  leaves  and  lower 
plants,  bodies  of  animals,  etc.,  are  embedded  in  clay  they  form  an 
extraordinarily  favorable  territory  for  the  migration  of  single  con- 
stituents of  clay,  not  only  because  they  favor  a  stronger  circula- 
tion of  water  in  such  places,  but  also  because  they  furnish  the 
material  for  the  formation  of  carbonic  acid  which  strongly  sup- 
ports the  action  of  water.  If  now,  as  is  nearly  always  the  case, 
the  clay  contains  compounds  of  iron  these  so  act  upon  the  car- 
bonaceous substance  that  they  gradually  destroy  the  organic  ma- 
terial and  are  dissolved  in  the  carbonic  acid  formed  from  it  in 
the  form  of  a  ferrous  bicarbonate,  and  in  this  form  are  easily 


CRYSTAI.UZATION  31 

carried  away,  following  the  direction  of  the  circulation  of  the 
water.  This  ferrous  carbonate  is  a  compound  very  easily  decom- 
posed, and  changes  again  into  what  it  was  before,  generally  fer- 
ric hydrate,  if  it  can  give  o£F  its  carbonic  acid  to  a  body  which 
shows  a  greater  affinity  for  it,  for  instance  lime,  as  soon  as  it  is 
removed  from  the  sphere  of  activity  of  the  organic  substance, 
and  instead  dissolves  a  quantity  of  lime  corresponding  to  the 
amount  of  carbonic  acid  lost,  which  then  continues  the  migra- 
tion until  also  it  finds  an  opportunity  of  depositing  in  an  insolu- 
ble form.  Where  now  these  deposits  of  iron  or  calcium  oxide 
find  a  resting  place  after  their  removal  and  fixing,  they  change 
and  cement  the  clay,  and  after  having  been  introduced  at  one 
place,  perhaps  in  fine  veins,  they  come  out  again  at  another  in 
the  form  of  argillaceous  iron  ore,  septaria  or  balls  of  marl,  or  as 
veins  of  iron  and  marl.  The  peculiarities  of  form,  hardness  and 
chemical  composition  which  such  layers  of  clay  undergo  by  such 
a  change  of  place  of  single  substances  are  always  dependent  on 
their  chemical  and  physical  condition  and  consequently  show 
the  greatest  variation.  The  concretions  which  arise  from  the 
local  deposition  of  iron  oxide  and  generally  also  carbonate  of 
lime  taken  from  other  parts  of  the  bed  probably  rarely  have  an 
effect  that  changes  the  structure  because  they  are  nearly  always 
separated  out  in  a  non-crystalline  condition,  and  only  cement  the 
clay  substance  in  the  proportion  as  it  affords  a  passage-way  for 
the  liquids  bringing  about  the  change  of  place,  to  cylindrical  or 
spheroidal  masses  with  k  shell-like  structure  of  a  cylindrical  or 
spherical  form  or  they  form  a  filling,  hardening,  or  dendritic  in- 
crustation in  veins,  cracks  and  on  planes  of  faults. 

Of  a  different  effect  on  the  structure  than  these  cementing 
deposits  are  the  crystalline  deposits  in  the  clay  inasmuch  as 
besides  the  cementing  they  produce  a  condensation  of  the  ma- 
terial hemming  the  formation  of  the  crystal  on  account  of  the 
pressure  exerted  by  the  mutual  attractive  force  of  its  smallest  par- 
ticles, without  necessarily  causing  a  great  change  in  the  chemi- 
cal composition  of  the  clay.  Gypsum  may  serve  as  the  most 
common  example  of  this  kind.  Gypsum  may  be  introduced  partly 
from  without  by  water  penetrating  into  the  clay,  in  part  it  de- 


22  TREATISES  OF  A  GENERAL  SCIENTIFIC  NATURE 

velops  in  the  deposit  itself  by  the  mutual  action  of  carbonate  of 
lime,  iron  pyrites  and  oxygen,  and  shows  a  tendency,  like  a  few 
other  accessory  constituents  of  clay,  to  deposit  in  large  crystals, 
a  property  which  is  especially  favored  by  its  comparatively  great 
solubility  in  water.  Gypsum  is  a  very  common  constituent  of 
clay  and  appears  in  it  in,  for  the  most  part,  clear  colorless  crys- 
tals frequently  of  considerable  size,  which  are  embedded  singly 
in  the  clay  mass  or  seem  to  have  grown  together  into  star-shaped 
or  spherical  groups,  frequently  on  balls  of  marl,  which  have 
given  a  part  of  the  material  for  their  formation  ;  where  now  the 
conditions  within  the  clay  bed  are  favorable  for  the  formation  of 
gypsum,  fresh  crystals  will  develop  in  larger  or  smaller  speci- 
mens and  wherever  the  necessary  space  is  wanting  will  procure 
it  by  a  crowding  and  compression  of  the  clay  mass. 

But  the  efiEects  of  crystal  formation  do  not  always  appear  in 
this  simple  way  ;  the  phenomena  of  structure  show  that  some- 
times the  cementing  and  direction  giving  crystalline  deposits  do 
not  appear  in  connected  individuals,  but  as  we  have  already  seen 
in  the  case  of  hardening  of  slate,  lie  scattered  within  the  clay 
mass  in  the  form  of  extremely  fine  lamellae  and  give  to  it  a  cer- 
tain cleavage  at  constant  angles. 

Some  observers  have  believed  themselves  justified  in  seeing  in 
some  condensations  of  the  clay  mass  beginnings  of  feldspar  for- 
mations and  have  supported  this  assumption  by  the  observation 
that  the  angles  of  the  cleavage  planes  of  the  clay  were  very  sim- 
ilar to  those  of  the  feldspar  crystals ;  however,  in  the  first  place 
the  measurements  of  the  angles  of  the  so-called  clay  crystals 
show  a  greater  deviation  from  the  normal  angles  of  feldspar  than 
the  limits  within  which  the  angles  of  feldspar  of  various  places 
and  composition  vary  ;  in  the  second  place  even  an  agreement 
would  not  justify  the  assumption  that  a  feldspar  formation  had 
begun,  because  the  cleavage  appearing  as  a  consequence  of  the 
interdeposition  cannot  be  looked  upon  as  the  expression  of  the 
cleavage  planes  of  the  material  causing  the  pressure,  but  as  that 
of  the  direction  of  the  rapidly  growing  surfaces  hindered  in  their 
development  by  the  enclosing  material. 

In  some  cases,  namely,  when  the  principal  planes  of  cleav- 
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age  of  a  cementing  body  agree  with  the  planes  of  the  ex- 
ternal boundary,  such  a  separation  may  take  place,  that  one  can 
easily  recognize  the  cementing  material,  so  for  instance  in  the 
case  of  the  crystallized  sand  of  Pontainebleau  which  is  impreg- 
nated with  calc  spar  and  only  in  consequence  of  this  shows 
a  cleavage  according  to  the  rhombohedral  surfaces  peculiar  to 
calc  spar. 

The  separation  of  marl  in  the  shape  of  salt  crystals,  which 
has  been  observed  by  Camillus,  in  America,  according  to  Beck, 
I  think,  ought  to  be  placed  into  this  class.  There  is  a  layer  of 
marl,  several  feet  thick,  which  consists  of  crystal-like  concretions 
of  marl,  in  the  shape  of  cubes,  grouped  to  form  the  hollow  pyra- 
mids, observed  in  salt.  The  crystal  groups  are  one  to  eight 
inches  in  diameter  and  their  independent  formation  in  a  solution 
of  salt,  without  sinking  before  they  attained  this  enormous  size, 
seems  improbable  in  these  formations. 

I  will  mention  yet  another  example  of  this  kind  which  seems 
interesting,  because  it  has  developed  only  a  decade  ago,  in  which 
to  be  sure,  the  clay  was  given  its  form  by  a  salt  which  shows  a 
tendency  to  crystallize  a$  perhaps  no  other. 

In  a  Rhenish  alum  works  crystallizing  vats  had  been  made 
of  sandstone  plates  sunk  into  the  ground  and  tamped  below  and 
on  the  sides  with  a  very  unctuous  clay  to  preserve  them  imper- 
vious to  the  liquor.  After  some  years  the  sandstone  had  so 
weathered  through  the  action  of  the  liquor  that  penetrated  into 
its  interior  that  they  had  to  be  removed.  The  surrounding  clay 
formerly  impervious  to  water  had  undergone  a  most  remarkable 
change ;  to  the  depth  of  from  a  half  foot  to  a  foot  it  had  com- 
pletely lost  its  character  and  had  changed  into  a  loose  aggrega- 
tion of  octahedral  crystals  from  a  quarter  to  three-quarters  of 
an  inch  in  size  which  enclosed  between  them  a  small  amount  of 
clay  substance.  These  fragments  were  very  easily  broken  and 
consisted  of  pieces  of  clay  which  were  traversed  by  a  large  num- 
ber of  lamellae  of  alum  and  frequently  contained  a  skeleton  of 
alum  which  gave  to  the  clay  mass  its  external  form  while  it 
itself  had  nO  connection  with  the  crystal-like  form  devel- 
oped.   The  mechanical  effects  which  were  produced  by  this 
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crystallization  were  no  less  noticeable.  The  side  and  partition 
walls  of  the  individual  liquor  vats  were  raised  and  broken,  and 
that  part  of  the  building  in  whose  cellar  the  plant  was,  had  been 
so  raised  by  the  penetration  of  alum  liquor  into  the  foundation 
that  it  su£Fered  a  break  and  dislocation  of  about  two  and  one- 
half  inches  from  the  openings  of  the  door  and  windows  to  the 
ridge. 

That,  moreover,  a  formation  of  crystalline  silicates  may 
take  place  in  detritus  without  our  being  able  to  indicate  defi- 
nitely the  conditions  under  which  such  processes  can  occur  is 
shown  by  the  frequent  occurrences  of  such  in  sedimentary  layersi 
the  occurrence  of  mica  in  kaolin  and  sandstone,  of  feldspar  in 
slate,  of  sanidin  in  the  trachyte  conglomerate  of  Langenbeig  and 
Lutterbach  in  western  Prussia.  Jenzsch  describes  crystals  of 
sanidin,  a  variety  of  feldspar,  of  one  and  five-tenths  millimeters 
length,  which  are  found  in  the  clays  of  Tannhof  and  Buschbetg 
near  Zwickau,  formed  from  the  melaphyr.  Their  surfaces  are 
usually  somewhat  rough  and  covered  with  a  second  coat  of  the 
surrounding  clay.  They  are  clear  as  water  and  possess  a  lively 
luster  which  may  be  especially  noted  on  the  cleavage  planes. 
Since  the  melaphyrs  of  that  place  do  hot  contain  sanidin  as  a 
component,  these  crystals  must  have  originated  in  the  clay  itself 
during  or  after  the  process  of  weathering,  as  well  as  the  black 
scales  of  mica  that  are  found  with  them. 

II 

It  is  a  peculiar  arrangement  in  the  laws  of  nature  that  the 
effects  which  are  produced  by  them  may  be  referred  to  a  very 
few  forces  and  that  the  same  force  may  serve  to  annul  an  effect 
which  it  itself  has  produced.  We  see  this  plainly  in  the  pro- 
cesses and  manipulations  to  which  clay  and  the  related  formations 
must  be  subjected  in  order  to  produce  from  it  artificial  imita- 
tions of  natural  products, — solid  rocks, — the  aim  of  all  ceramic 
industries.  According  to  the  fundamental  laws  of  mechanics 
the  effect  of  a  force  can  only  be  annulled  by  an  equal  force  work- 
ing in  an  opposite  direction.  The  working  of  clay  requires  a 
mass  whose  smallest  particles  may  be  more  easily  moved  than 
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is  the  case  in  the  natural  occurrence,  not  only  to  give  to  the 
more  plastic  mass  a  definite  form  with  greater  ease,  but  also  to 
destroy  the  inequalities  of  the  mixture  as  they  are  produced  by 
the  formation  of  the  material  through  the  separation  of  like  sub- 
stances in  the  washing  process,  through  the  differences  in  spe- 
cific gravity,  and  according  to  the  deposition  of  like  parts  of  mat- 
ter by  molecular  cohesion. 

The  attractive  force  between  clay  and  clay,  and  water  and 
clay  which  gives  to  our  material  a  certain  firmness  in  its  moist 
condition,  causes  a  certain  resistance  to  the  taking  up  of  more 
water,  which  is  increased  by  the  approaching  of  the  molecules 
due  to  mechanical  pressure,  whether  the  pressure  be  exerted 
from  without  or  arises  from  the  interior  itself  by  a  migration  of 
component  parts,  must  always  be  broken  before  artificial  prod- 
ucts can  be  produced  and  the  ways  of  accomplishing  this  depend, 
first,  on  the  nature  of  the  raw  material,  and,  second,  on  the 
amount  of  manipulation  which  must  be  given  to  it 

If  the  condition  of  the  clay  and  the  purpose  pursued  in  its 
employment  is  such  that  solid  deposits,  which  cannot  be  reached 
through  water,  must  first  be  removed  from  it,  an  artificial  sepa- 
ration of  such  disturbing  substances  must  take  place,  and  in  this 
case  washing  is  in  order  ;  but  if  from  the  nature  of  the  material 
such  a  separation  may  be  dispensed  with,  at  least  a  loosening  of 
the  structure  is  necessary  in  order  to  give  to  water  uni- 
form access  to  the  interior,  also  to  allow  the  water  to  take  part 
in  bringing  about  the  greatest  homogeneity  of  the  mass.  The 
uniform  introduction  of  water  by  simple  softening  and  subse- 
quent mechanical  manipulation  proves,  for  the  most  part  insuffi- 
cient, unless  the  latter  has  been  performed  with  the  greatest  care, 
and  some  means  must  be  employed  to  break  the  resistance 
which  clay  offers  to  the  taking  up  of  water ;  these  are  either 
drying  or  freezing  of  the  clay. 

Air-dried  clay  behaves  very  differently  toward  the  influence 
of  water  from  that  which  has  already  fixed  a  certain  quantity 
of  water  by  surface  attraction ;  while  the  latter  opposes  the 
greatest  resistance  to  the  taking  up  of  water  and  can  remain  in 
contact  with  water  for  weeks  and  months  without  essentiallv  in- 
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creasing  the  amount  of  combined  water,  the  former  absorbs  it  with 
the  greatest  eagemess,  and  causes  a  very  sudden  increase  in  vol- 
ume, which  divides  the  dried  mass  by  numerous  cracks  into 
small  parts  that  permit  an  easy  and  uniform  passage  of  water. 
This  kind  of  treatment  must  be  considered  an  exceptional  one 
for  factories,  since,  in  regard  to  cheapness,  it  is  far  inferior  to  the 
method  of  weathering,  or  better,  wintering.  Here  again  we 
meet  an  efiEect  of  water  at  the  moment  when  it  passes  from  the 
liquid  to  the  solid  crystalline  state  and  it  will  repay  us  to  con- 
sider somewhat  more  closely  the  events  taking  place. 

Compared  with  all  other  liquids,  water  shows  the  anomaly 
that  it  does  not  suffer  an  increase  in  volume  by  an  increase 
in  heat,  and  a  diminution  of  volume  by  a  decrease  in  heat  ac- 
cording to  a  rising  or  falling  scale,  but  reaches  the  minimum 
of  its  volume  at  a  temperature  of  4^  C,  expands  again  on  a 
further  decrease  in  temperature,  slowly  at  first  but  very  suddenly 
and  intensely  on  going  over  into  the  solid  condition  so  that  even, 
by  the  mechanical  effect  produced,  considerable  manifestations 
of  force,  loosening  and  breaking  up,  may  be  caused  by  this  pecu- 
liarity in  a  mass  soaked  with  water.  The  effects  of  freezing 
water  would,  however,  not  be  as  intense  by  far,  if  they  were  not 
supported  by  another  factor,  shown  by  the  water  .  in  its  passage 
into  ice,  a  great  tendency  to  assume  a  crystalline  arrangement 
and  all  the  peculiarities  that  we  know  in  crystalline  substances. 
We  can  easily  observe  the  influence  that  is  exerted  by  the  crys- 
talline form  of  water  on  its  change  into  ice  in  every  piece  of 
clay,  for  instance,  an  unbumt  and  undried  brick  which  is  ex- 
posed to  a  low  temperature.  In  such  a  piece  of  clay  we  see 
cracks  with  the  naked  eye  and,  still  better,  with  the  help  of  a 
magnifying  glass,  which  have  the  flower-like  form  peculiar  to 
crystals  of  ice,  and  change  the  piece  of  clay  into  an  aggregation 
of  loosely  connected  clay  splinters.  This  breaking  up  is  not 
caused  by  the  expansion  which  accompanies  the  change  of  water 
into  ice,  for  in  this  case  a  uniform  expansion  would  take  place, 
and  in  consequence  of  this  a  break  could  take  place  only  at  the 
places  weakened  by  the  lack  of  homogeneity,  but  by  the  fact  that 
the  water  was  attracted  and  deposited  in  the  solid  state  where  it 
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already  found  a  beginning  of  the  formation  of  ice  crystals,  that 
the  crystals  of  ice  forcibly  procured  the  space  necessary  for  their 
development  by  shoving  aside  the  clay,  and  thus  brought  about 
not  only  an  increase  in  volume  and  loosening  of  the  mass,  but 
also  produced  a  network  of  fine  channels  after  the  disappear- 
ance of  the  ice  which  permit  the  atmospheric  influences  to  ex- 
tend their  effects  far  into  the  interior. 

The  benevolent  influence  which  the  freezing  process  exerts 
in  breaking  up  the  mass  of  clay  has  always  been  sufficiently  ap- 
preciated by  the  industries,  and  it  seems  superfluous  to  recom- 
mend it,  even  though  scruples  have  been  raised  against  it  that  were 
based  more  on  opinions  than  on  positive  scientific  reasons.  If 
in  many  cases  those  results  have  not  been  obtained  which  were 
expected  of  it  the  reason  for  it  is  found  in  the  fact,  that  the 
process  was  not  fully  understood  and  the  necessary  arrange- 
ments were  not  made.  If,  for  instance,  one  makes  piles  of 
day  in  autumn,  10  to  15  feet  high,  and  expects  it  to  be 
broken  up,  he  may  be  convinced  in  spring  that  only  a  very  small 
part  has  experienced  a  breaking  up,  namely  the  external  part 
affected  by  the  rain,  snow,  and  frost,  while  the  rest  is  in  the  same 
condition  in  which  it  was  deposited  in  autumn  ;  the  labor  and 
expense  might  therefore  have  been  saved.  If  one  desires  an 
effective  result  from  the  freezing  process,  it  is  very  essential  to 
make  the  layers  of  clay  to  be  wintered  no  deeper  than  the  frost 
is  wont  to  penetrate  into  the  earth  and  to  pile  it  up  as  loosely  as 
possible  so  that  the  water  for  the  formation  of  the  ice  may  be 
introduced  in  an  abundant  amount  as  deep  as  possible  by  the 
penetration  of  the  atmospheric  precipitates. 

Some  clays,  especially  those  very  rich  in  pyrites,  which  are 
not  rare  as  companions  of  the  alum  deposits  in  the  beds  of  lig- 
nite, have  the  property  of  weathering,  exfoliating  and  breaking 
up  into  small  fragments  in  a  very  short  time  after  coming  in 
contact  with  the  air.  The  cause  is  here  essentially  the  same  we 
have  learned  to  know  in  the  freezing  of  clay ;  through  the  in- 
fluence of  the  air,  crystallizable  salts  are  produced,  chiefly  sul- 
phate of  iron;  sulphate  of  magnesium,  sulphate  of  aluminum  and 
gypsum,  which  not  only  assume  a  greater  volume  by  the  chem* 
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ical  union  with  water  but  also  produce  a  breaking  up  of  the  solid 
mass  of  clay  by  the  force  of  crystallization,  by  the  concentration 
of  the  scattered  material  to  single  points  for  the  formation  of 
larger  crystals  in  the  same  manner  as  we  have  learned  to  know 
it  as  the  effect  of  frost 

In  the  transformation  of  clay  to  solid  bodies,  no  longer  ca- 
pable of  being  softened  by  water,  we  again  meet  the  influence 
which  the  crystalline  condition  of  some  constituents  of  the  same 
exercises  on  its  qualities,  to  be  shown  in  a  manner  completely 
different  from  the  effects  heretofore  described.  I  should  not 
like  to  pass  this  over  in  silence  because  it  seems  as  though 
it  had  not  been  appreciated  in  ceramic  literature  as  it  de- 
serves ;  I  mean  the  influence  of  the  temperature  which  is  neces- 
sary for  the  attainment  of  the  matured  condition  of  the  burned 
clay. 

By  the  condition  of  being  matured  we  understand  that  con- 
dition, in  which  by  the  effect  of  heat  some  of  its  constituents 
have  been  so  far  melted  that  they  are  able  to  cement  the  parts 
not  melted  without  destroying  the  porous  character  and  produ- 
cing noticeable  changes  of  form  by  too  great  softening.  If  the 
liquefaction  be  increased  or  long  continued  the  influence  of  heat 
goes  so  far  that  a  sufficient  amount  of  a  liquid  vitreous  mass  is 
present  to  fill  the  pores  of  the  clay,  and  at  the  same  time  to  pro- 
duce a  noticeable  softening.  This  is  the  condition  in  which  we 
find  the  hard  porcelain  and  clinkers ;  the  process  finally  ends  in 
the  vanishing  of  all  chemical  differences  and  the  formation  of  a 
glass  or  a  slag. 

This  process  of  burning  to  a  matured  condition  has  for  its 
purpose  the  formation  of  a  certain  small  amount  of  liquid  sub- 
stance which  physically  and  chemically  we  are  wont  to  call 
glass.  This  strengthening,  binding  material,  whose  chemical 
nature  is  indifferent  for  our  purpose  and  may  be  subject  to  the 
greatest  variations,  is  formed  in  part  by  the  melting  of  fusible 
compounds  already  present  in  the  clay;  in  part  it  is  the  result  of 
a  chemical  process  which  takes  place  during  the  burning,  which 
must,  however,  never  be  very  extensive  if  the  earthy  character 
of  the  clay  is  to  be  retained.     The  degree  of  heat  necessary  to 
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produce  that  degree  of  fusion  in  the  clay  to  furnish  the  liquid 
binding  material,  becoming  solid  with  the  decreasing  tempera- 
ture, for  those  parts  not  a£Fected  by  the  heat  is,  in  the  first  place, 
dependent  on  the  chemical  nature  of  the  materials,  but  also 
on  the  distribution  and  the  physical  properties  of  the  individual 
components,  especially  of  the  rock  dust  and  sand,  which,  in 
general,  are  the  only  components  quantitatively  to  be  consid- 
ered, in  which  there  has  been  preserved  during  the  process  of 
weathering  a  part  of  the  crystalline  structure. 

We  lack  accurate  scientific  investigation  to  show  what  in- 
fluence the  crystalline  structure  of  silicic  acid  compounds  have 
on  their  fusibility ;  however,  from  the  great  refractoriness  that  is 
possessed  by  some  silicates  found  crystallized  in  nature,  for  in- 
stance feldspar  and  leucite,  and  in  which  such  a  high  melting- 
point  could  not  be  expected  from  the  experiences  heretofore  had, 
it  seems  clear  that  the  molecular  attraction  present  opposes 
liquefaction,  which  is  always  connected  with  a  complete  destruc- 
tion of  crystalline  structure. 

Even  if  this  point  cannot  yet  be  definitely  decided,  there 
are  positive  observations  that  the  crystalline  condition  notice- 
ably weakens  and  retards  purely  chemical  actions  as  we  must 
assume  them  during  the  vitrification  of  clay,  that  some  substances 
even  show  themselves  indiflferent  in  the  highest  degree  to  chem- 
ical influences  when  they  appear  in  a  crystalline  condition. 

Since  in  the  hard  burning  of  clay  the  most  easily  fusible 
constituent  or  that  one  which  according  to  its  composition  and 
physical  condition  is  disposed  to  a  chemical  change  at  the  low- 
est temperature  must  furnish  the  cementing  material  and  this 
may  now  be  clay,  now  sand,  now  rock  flour,  the  changes  taking 
place  cannot  with  certainty  be  determined  until  each  one  of  these 
constituent  parts  in  a  certain  material  has  been  individually  in- 
vestigated with  regard  to  the  properties  here  coming  into  con- 
sideration, and  such  investigations,  whose  utility  can  not  be  over- 
estimated in  regard  to  the  knowledge  of  the  materials,  would  aid 
in  clearing  up  what  is  so  far  one  of  the  darkest  chapters  in  the 
investigation  of  the  properties  of  clays. 
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III 

The  phenomena  shown  by  the  formation  of  crystals  in  the  in- 
terior of  burned  clay  ware,  are  essentially  different  from  those  that 
we  can  observe  in  the  interior  of  moist  clay  deposits,  and  find  an 
analogy  in  those  that  appear  in  freezing,  because  an  exertion  of 
force  which  develops  in  the  interior  of  moist  clay  by  the  forma- 
tion of  crystals  causes  only  a  change  in  the  form  or  condensation 
without  destroying  the  continuity  of  the  mass  on  account  of  the 
yielding  of  the  material,  whereas  in  the  brittle  condition  of  the 
dried,  frozen  and  burned  clay  it  always  produces  a  loosening  of 
the  structure  and  breaking.  The  substances  which,  through  the 
formation  of  crystals,  cause  disturbances  in  burned  clay  masses, 
cracking  and  exfoliation,  are  either  soluble  salts  previously  pres- 
ent in  the  clay  that  have  escaped  vitrification  by  too  little  burn- 
ing, or  they  are  a  product  of  subsequent  weathering,  or  they  have 
gotten  in  accidentally,  in  the  case  of  building  brick,  for  instance, 
out  of  the  lime  or  the  water  used  in  building  the  wall ;  they  are 
chiefly  sulphates,  nitrates,  carbonates,  and  chlorides  of  the  alka- 
lies, of  lime  and  magnesium,  however  difiPerent  these  substances 
may  be  in  their  nature.  The  effect  which  they  produce  with  the 
help  of  water  in  their  migration  within  the  burned  clay,  remains 
essentially  the  same,  and  although  the  phenomena  under  con- 
sideration are  usually  ascribed  to  the  formation  of  saltpeter  it 
must  be  stated  that  in  the  great  majority  of  such  cases  there  is 
no  appearance  of  saltpeter  or  nitrates  and  that  the  same  phe- 
nomenon may  be  produced  by  any  soluble  salt  that  has  gotten 
into  the  pores  of  the  clay  from  any  cause  whatever  and  that  real 
nitrates  are  wont  to  appear  only  then  when  the  clay  at  the  same 
time  furnishes  the  soil  for  the  vegetation  of  low  organisms, 
fungi,  molds  and  infusoria. 

Just  as  in  the  phenomena  of  the  deposition  of  clay  so  also 
here  the  water  brings  about  the  change  of  place  of  the  crystal- 
lizing substances  and,  here  as  there,  if  we  follow  the  main  chan- 
nel of  the  water  the  places  can  easily  be  found  where  the  great- 
est effect  was  concentrated.  If  we  examine  a  burned  piece  of 
clay,  for  instance  an  ordinary  brick,  on  the  broken  surface  we 
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shall  see  in  most  cases  that  the  component  parts  are  not  equally 
distributed  but  that  some  parts  by  their  color,  porosity  and  grain 
show  themselves  as  such  in  which  one  of  the  constituents  of  the 
clay  predominates.  Going  still  further  and  examining  the  frac^ 
ture  of  the  brick  with  a  magnifying  glass,  we  may  observe  that 
in  consequence  of  unequal  shrinkage  of  the  difiFerent  separated 
constituents  during  drjdng  and  burning,  spalling  from  the  main 
body,  breaks  and  fine  cracks  are  shown  around  small  stones  and 
coarser  sand  grains,  along  the  lines  of  separation  between  clayey 
and  silty  portions,  in  general  in  all  those  places  in  which  there 
are  homogeneous  portions. 

The  liquid  which  causes  the  mobility  of  the  salts  crystalli- 
zing in  the  interior  of  the  brick  receives  its  motion  chiefly 
from  the  fact  that  evaporation  takes  place  to  the  greatest 
extent  at  the  surface  of  the  brick  while  it  is  either  alto- 
gether excluded  from  the  interior  or,  at  any  rate,  is  very 
limited.  Through  the  capillary  attraction  of  the  porous  mass 
the  liquid  is  drawn  outward  from  the  interior,  and  in  this 
way  a  circulation  of  the  water  is  produced  which  will  take 
the  inverse  direction  on  the  entrance  of  water  from  without,  to- 
gether with  the  salts  dissolved  in  it  The  circulation  of  the 
water  is,  of  course,  most  vigorous  in  those  places  in  the  brick 
where  it  finds  the  least  resistance  to  its  movement,  that  is,  in 
the  cracks  and  crevices,  those  places  from  which  a  further  de- 
struction is  most  easily  possible  and  which  at  the  same  time  fur- 
nish the  most  favorable  place  for  the  deposit  of  crystals,  because 
here  the  space  is  most  readily  found  for  the  formation  of  crystals 
as  symmetrical  as  possible.  If  crystalline  salts  have  once  been 
separated  at  such  a  place  the  further  process  of  crystallization 
will  increase  some  crystals  at  the  expense  of  the  rest  because 
smaller  crystals  are  more  easily  dissolved  than  larger  ones 
with  a  new  accession  of  water,  and  because  with  the  vanish- 
ing of  a  part  of  the  solvent  new  formations  are  deposited  with 
greater  ease  on  the  already  present  similarly  crystallized  sub- 
stance than  they  could  be  by  seeking  new  points  of  crystallization 
for  themselves.  The  result  of  the  pressure  exerted  upon  the 
surrounding  clay  mass  by  such  a  collection  of  crystalline  sub- 
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stance  at  places  especially  favored  for  making  room  for  the  for- 
mation of  crystals  will,  from  the  brittleness  of  the  same,  never 
lead  to  a  simple  dislocation  and  change  in  structure  as  it  would 
in  the  case  of  moist  clay,  but  produces  a  break,  cracking,  exfoli- 
ation, all  the  more  so,  because,  as  a  rule,  only  a  slight  resistance 
can  be  made  to  the  pressure  developing  in  the  interior.  It  seems 
clear,  therefore,  that  the  disturbing  effect  of  the  crystal  forma- 
tion, saltpeter  or  whitewash,  must  be  especially  noticeable  in  such 
materials  in  which  the  soluble  salts  present  have  not  been  dis- 
turbed or  volatilized  by  burning ;  such  material  has  not  reached 
that  degree  of  firmness  and  resistance  to  weathering,  that  is 
necessary  in  a  suitable  building  material.  In  a  brick  externally 
of  good  quality,  destruction  will  not  fail  to  occur  if  the  forma- 
tion of  crystals  is  favored  at  some  places  by  an  easier  circula- 
tion of  the  liquid,  that  is  when  the  structure  of  the  same  does 
not  show  the  greatest  possible  degree  of  homogeneity. 

A  homogeneous  brick  will  also  be  unable  to  resist  perma- 
nently the  crystal-forming  force,  always  seeking  new  points  of 
attack  for  destruction,  but  it  will  be  able  to  offer  a  much  longer 
resistance  than  one  not  completely  homogeneous,  in  which  by 
drying  and  burning  through  disproportionate  contraction  a  weak- 
ening of  the  cohesive  force  has  taken  place  and  at  whose  weakest 
places  the  destructive  force  can  concentrate  itself. 


Incompleteness  in  the  Investigation  of  Brick  Clay 


P&OPBBSOR  CHAB.  W.  MXSLOH,  TRAir»LATOR. 

The  later  investigations  by  Bischof  and  Richters  concern- 
ing the  determination  of  the  degree  of  refractoriness  have  so 
far  thrown  light  upon  this  difficult  subject,  in  which  all  scientific 
investigations  seem  to  be  in  direct  contradiction  to  practical  ex- 
periences, as  to  prove  that  the  melting-point  of  clays  stands 
in  a  certain  regular  dependence  upon  their  composition; 
and  it  cannot  be  denied  that  by  this  work  an  inestimable  service 
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has  been  rendered,  not  only  to  the  ceramic  industry  in  general, 
but  in  a  still  higher  degree  to  those  branches  of  the  industry  that 
make  use  of  fire  clays  for  construction  material ;  that  is,  all  those 
that  need  for  their  manipulation  a  very  high  degree  of  heat 
The  question  now  arises,  how  far  these  investigations  may  also 
be  useful  for  other  branches  of  the  ceramic  industry ;  and  we 
must  confess  that  the  conclusions  from  those  investigations  are 
not  of  such  a  nature  that  they  can  be  applied  to  these  branches 
without  difficulty,  and  likely  the  range  of  the  investigations  has 
been  overestimated.  The  position  of  the  fire  clays,  as  far  as 
they  are  used  in  building  furnaces,  etc.  (that  is,  as  the  lining  of 
such  places  in  which  a  very  high  heat  is  to  be  produced),  is 
far  difiPerent  from  those  products  which  are  subjected  to  the 
heating  process  but  once — ^such  as  all  products  of  fine  and  com- 
mon pottery  and  brick  making ;  since  in  the  former  a  change  in 
chemical  and  physical  relation,  a  change  which  is  always  con- 
nected with  a  decided,  though  undesired,  change  in  shape,  is  to 
be  avoided  as  much  as  possible ;  while  with  the  others,  that  is 
in  the  manufacture  of  products  which  are  to  resist  the  influence 
of  atmospheric  agencies,  it  is  to  be  encouraged  as  much  as  possible. 
Hence,  the  demands  which  must  be  made  on  the  properties  of 
the  material  for  these  various  uses  will  be  very  difiPerent  and 
while  in  the  production  of  pottery  the  chemical  action  of  the 
various  elements  is  to  be  encouraged  for  the  production  of  as 
great  a  degree  of  homogeneity  as  possible  and  thereby  obtain 
uniformity  throughout ;  for  the  production  of  rejactary  material 
3.  certain  lack  of  homogeneity  is  desired,  at  least  sufficient  to 
retard  a  chemical  action  of  the  constituents  on  each  other,  which 
action  finally  effects  a  fusion. 

In  order  not  to  give  rise  to  misunderstanding  it  is  necessary 
that  I  state  this  point  somewhat  more  clearly. 

As  has  been  repeatedly  stated,  clay  is  not  a  homogeneous 
substance  in  a  chemical  sense,  not  a  substance  which  may  be 
considered  the  same  even  to  the  smallest  particles,  but  a  mixture 
of  differently  compounded  substances  of  definite  physical  prop- 
erties which  can  be  considered  homogeneous  only  in  so  far  as  the 
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corporeity  of  the  bodies  of  the  various  substances  lying  side  by 
side  permits.  Even  if  on  superficial  observation  clay  appears  uni- 
form under  certain  conditions  we  will  still,  by  the  aid  of  the  mi- 
croscope, be  able  to  distinguish  the  clay  mass  from  the  lamellae 
of  mica,  sand  grains,  calcareous  and  silicious  shells  of  lower  or- 
ganism, and  it  is  thus  shown  to  be  non-homogeneous  even  if 
less  prominently  so ;  the  condition  of  absolute  homogeneity  does 
not  appear  until  the  clay  has  been  molten  to  a  glass  by  the  in- 
fluence of  heat 

This  degree  of  homogeneity  brought  about  by  complete  lique- 
faction is  never  aimed  at  in  the  case  of  refractory  material,  and  in 
the  use  of  clay  for  pottery  ware  only  to  a  certain  degree ;  namely, 
so  far  as  the  shape  of  the  objects  to  be  produced  can  suffer  no, 
or  at  least  no  essential,  change  through  the  condition  of  softening 
that  precedes  complete  melting.  No  liquefaction  is  therefore 
wanted  that  affects  the  whole  mass  of  the  clay  substance,  but 
only  in  part,  and  the  manipulation  of  the  clay  and  the  making 
it  homogeneous  has  for  its  object  the  distribution  of  the  part  to  be 
liquefied  uniformly  through  the  whole  mass. 

In  the  manufacture  of  refractory  materials  a  certain  lack  of 
homogeneity  is  intentionally  produced  by  giving  the  mass  as 
few  points  of  contact  as  possible  from  which  melting  proceeds 
and  by  producing  a  physical  condition  that  opposes  a  certain 
resistance  to  liquefaction. 

Clays  which  are  used  for  the  production  of  such  objects 
which  are  to  bid  defiance  to  the  highest  degree  of  heat,  are  chem- 
ically and  physically  very  different  from  those  to  be  employed 
for  pottery  ware.  In  the  case  of  the  former  we  have  to  do  with 
a  mass  that  consists  relatively  of  a  pure  and  uniform  substance, 
which  has  as  the  chief  constituent  only  one  definite  combination 
of  aluminum  oxide  and  silicic  acid,  and  flux,  which,  according  to 
the  relation  in  which  these  parts  stand  to  each  other,  offer  greater 
or  less  chances  for  great  refractory  power,  while  the  non-plastic 
materials  accompanying  the  real  clay  substance,  are  either  quan- 
titatively inconsiderable  or  show  the  refractoriness  of  the  funda- 
mental mass. 
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For  the  production  of  pottery  ware,  bricks,  etc., — ^in  fact,  all 
such  products  which  are  burned  only  to  give  them  resistance  to 
the  influence  of  air  and  moisture,  a  certain  difference  in  the  fusi- 
bility of  the  component  parts  is  always  required  so  that  the  one 
part  is  not  affected  by  the  heat  to  which  the  object  is  exposed, 
and  forms,  as  it  were,  the  firm  skeleton  which  preserves  the  form 
of  the  objects,  while  the  other  melts  and  in  this  shape  is  en- 
tirely indifferent  to  atmospheric  influences  after  cooling,  sur- 
rounding and  protecting  the  unmelted  portions. 

While,  therefore,  in  the  case  of  the  refractory  materials 
which  are  to  resist  a  high  degree  of  heat  for  a  long  time,  we 
shall  demand  a  certain  uniformity  in  the  degree  of  its  refractori- 
ness; we  demand,  on  the  contrary,  for  the  other  uses  of  clay  that 
certain  constituents  of  the  mass  possess  a  comparatively  low 
melting-point,  while  the  other  constituents  are  less  sensitive  to 
the  influence  of  heat. 

If,  in  respect  to  physical  and  chemical  qualities,  we  com- 
pare the  materials  which  serve  for  the  manufacture  of  building 
material  with  those  which  are  destined  to  offer  the  greatest  re- 
sistance to  fire  on  the  one  hand,  and  on  the  other  hand  to  water, 
that  is  on  the  one  hand  the  plastic  refractory  clays,  on  the  other 
hand  the  brick  clays,  they  may  be  essentially  described  as  follows: 

With  regard  to  the  principal  mass,  plastic  clays  consist  of 
the  weathering  products  of  a  certain  kind  of  mineral  or  rock, 
which  according  to  its  origin  has  a  varying  quantitative  compo- 
sition, but  always  consists  in  the  main  of  that  peculiar  combina- 
tion—  alumina  and  silicic  acid — ^which  we  call  clay  substance, 
while  other  contaminating  substances  are  less  important  and 
have  no  essential  influence  on  the  properties.  It  is  different, 
however,  with  the  brick  clays.  These,  likewise,  contain  clay 
substance  in  a  greater  or  less  degree  which  gives  to  them  the 
characteristic  property  of  plasticity.  It  is,  however,  mixed  in 
such  a  manner  with  the  debris  of  rocks  in  the  form  of  rock 
dust  and  sand  whose  origin  is  for  the  most  part  not  even  found 
in  the  same  mineral  as  that  of  the  clay  substance,  that  these 
non-plastic  substances,  even  if  they  do  not  always  predominate 
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quantitatively,  are  still  so  strongly  represented  that  their  prop- 
erties, differing  from  those  of  the  clay  substance,  have  always  an 
essential  influence  on  the  properties  of  the  whole. 

If  the  chemical  analysis  has  discovered  a  fixed  relation 
between  alumina,  silicic  acid,  and  flux,  we  know  that  these  con- 
stituents belong  essentially  to  a  single  well  characterized  com- 
bination so  that  we  can  take  the  degree  of  refractoriness  from 
the  laws  established  by  Bischof  and  Richters  with  a  greater  or 
less  assurance,  according  as  this  substance  is  present  in  a  greater 
or  less  degree  of  purity.  However,  if  we  should  proceed  in  a 
similar  way  in  the  investigation  of  brick  clays  we  would  get  a 
theoretical  result  so  very  different  from  the  practical  result  that 
it  would  have  no  value  whatever  in  regard  to  the  knowledge  of 
the  material.  The  chemical  analysis  gives  us  only  an  average 
of  the  composition  of  the  components  forming  the  clay,  differing 
very  widely  in  their  chemical  composition  and  their  physical 
properties.  Since  the  clay,  after  burning,  preserves  its  earthy 
character  and  the  various  constituents  act  only  superficially  on 
each  other,  the  chemical  analysis  gives  us  absolutely  no  clue 
for  the  deduction  of  definite  properties  of  the  whole. 

Two  brick  clays  may  have  exactly  the  same  composition 
and  still  differ  in  every  respect,  because  the  complete  analy- 
sis, for  example,  gives  us  no  idea  whatever  as  to  how  much 
silicic  acid,  alumina,  and  flux  belong  to  the  clay  substance, 
to  the  rock  dust,  and  the  sand  individually ;  for  instance, 
in  the  one  case  all  or  the  greatest  part  of  the  flux  may  be- 
long to  the  clay  substance,  in  another  case  to  the  constituents 
which  make  clays  lean,  and  accordingly  the  properties  of  the 
compound  be  subject  to  the  greatest  variation  with  the  same 
percentage  composition.  In  the  one  case  it  may  be  the  clay,  in 
another  the  rock  dust  or  sand,  which,  with  the  same  percentage 
composition  of  the  whole,  is  the  most  fusible  constituent ;  or  it 
may  be  some  accessory  constituents,  as  admixed  iron  oxide  or 
carbonate  of  lime,  which  according  to  the  manner  of  distribu- 
tion are  inclined  to  have  the  strongest  effect  sometimes  on  the 
clay,  sometimes  on  the  rock  dust  and  sand,  and  thereby  produce 
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a  number  of  variations  which  find  not  the  slightest  explanation 
by  a  simple  chemical  analysis. 

If  we  conclude  from  this  that  the  chemical  analysis  can 
claim  only  a  limited  value  for  the  discovery  of  the  prop- 
erties of  brick  clay,  such  a  judgment  would  be  highly  one- 
sided and  inaccurate.  For  such  uses  of  clay  in  which  it  loses 
completely  its  earth)'  character,  as  in  the  manufacture  of  Port- 
land cement  or  glass,  the  chemical  constitution  is  first  con- 
sidered, and  the  other  physical  properties  only  in  so  far  as  they 
are  able  to  give  a  greater  or  less  resistance  to  the  destruction  of 
its  earthy  character;  and  here  the  chemical  analysis  alone 
is  able  to  give  information  concerning  the  utility  in  this 
direction.  For  our  purposes  it  is  especially  the  physical  prop- 
erties of  clay  that  are  of  greatest  importance  in  judging  the 
same,  and  the  chemical  properties  only  as  far  as  they  supplement 
the  former.  Here,  therefore,  to  express  it  in  a  few  words,  it  will 
be  the  task  of  the  chemical  analyst  to  determine  the  composition 
of  the  constituents  that  are  physically  alike,  that  is  of  the 
clay,  rock  dust,  sand,  accessory  constituents,  separately  and  sin- 
gly, and  to  make  possible  a  comparison  of  these  with  each  other. 
In  this  way  we  are  able  to  get  a  good  idea  of  the  properties  of 
the  components,  whereas  an  analysis  of  the  whole  mass  would 
be  of  little  use.  We  are  thus  convinced  of  the  necessity  of 
physical  analysis  of  clay  simultaneously  with  or  rather  before  the 
chemical,  as  far  as  the  investigation  is  made  for  the  pur- 
poses of  pottery  ware,  and  especially  for  the  manufacture  of 
bricks.  Even  though  scientific  men  have  repeatedly  referred  to 
the  importance  of  the  mechanical  and  physical  investigations 
this  direction  of  the  investigation  has  not  been  pursued  with 
such  vigor  that  the  results  obtained  from  it  show  any  real  use 
for  the  brick  industry. 

If  we  examine  more  carefully  the  analyses  of  clays,  both 
plastic  and  brick,  as  we  find  them  in  many  chemical  and  tech- 
nical works,  we  find  that  they  are  either  only  a  summary  enu- 
meration of  constituents,  silicic  acid,  alumina,  lime,  oxide  of 
iron,  etc.,  in  percent,  or  even  in  the  most  favorable  case,  beside  the 
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analysis  of  the  washed  mass,  that  is  of  the  clay  substance  in  the 
purest  state  obtainable,  a  statement  that  certain  percentages  of 
dust  and  sand  were  also  contained  in  it. 

For  the  investigation  of  very  pure  clays,  where  the  percent- 
age content  of  non-plastic  substances  naturally  contained  in 
them  is  only  very  small,  this  may  suffice  as  being  of  no  great 
importance,  but  when  the  proportion  of  sand  is  given  as  60  or 
more  per  cent«  without  stating  of  what  the  sand  consists,  what 
influence  it  may  have  on  the  properties  of  clay,  and  what  its  physi- 
cal and  mineralogical  properties  are  (and  this  I  have  not  found 
in  a  single  one  of  many  analyses)  this  is  certainly  a  defect 
which  brings  the  value  of  such  investigations  to  naught  and 
makes  them  appear  only  in  the  light  of  analytical  exercises. 

Such  investigations  will  have  a  real  practical  value  for  the 
industries,  only  when  we  accustom  ourselves  to  look  upon 
clay  as  it  really  is, — even  in  the  condition  of  the  greatest 
homogeneity  that  can  be  obtained  by  mechanical  means, — 
namely,  as  an  aggregation  of  different  grains  lying  side  by  side, 
independent  of  a  definite  chemical  composition,  whose  phys^ 
ical  properties  give  certain  characteristics  to  the  whole,  that 
make  it  possible  to  make  a  definite  use  of  them,  in  which  a 
change  by  the  influence  of  burning  is  not  to  extend  uniformly 
to  all  parts,  but  only  to  some  especially  disposed  to  such  a  change, 
while  the  other  parts  are  to  be  affected  only  at  the  points  of  con- 
tact. If  one  should  carry  the  effect  of  burning  still  farther  we 
should  no  longer  obtain  the  desired  product  but,  instead  of  an 
object  in  which  the  vitrifaction  is  only  to  appear  as  begun  and 
whose  earthy  character  is  to  be  preserved,  we  would  get  a  perfect 
glass  devoid  of  its  earthy  character. 

I  believe  I  have  sufficiently  indicated  above  what  is  to  be 
aimed  at  in  the  investigation  of  impure  clays  (that  is,  brick  clays) 
if  it  is  to  justify  us  in  making  such  conclusions,  at  least  approxi- 
mately, which  Bischof  and  Richters  could  draw  from  their  re- 
sults concerning  refractory  clays  in  reference  to  these  compara- 
tively very  rare  clays.  It  would  be  necessary  to  only  carry  out  a 
strict  separation  as  far  as  possible  of  the  unlike  constituents 
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having  a  difiFerent  value  and  treat  these  as  of  equal  importance. 
In  fact,  I  cannot  understand  why,  in  the  analyses  which  we  have, 
if  a  separation  took  place  at  all  it  was  always  the  plastic  sub- 
stance to  which  the  whole  attention  of  the  investigation  was  di- 
rected, while  the  non-plastic  parts  were  treated  as  though  the 
knowledge  of  their  properties  were  a  matter  of  course.  But  are 
we  not  compelled  to  measure  these  as  given  and  necessary  fac- 
tors by  the  same  rule  as  the  former  ?  or  do  the  non-plastic  parts 
of  clay  not  allow  the  same  variety  to  be  presupposed  as  the  plas- 
tic parts? 

The  preparation  for  such  far-reaching  investigations  of  clay 
which  from  a  series  of  results  that  could  be  compared  with  each 
other  would  allow  just  as  definite  laws  to  be  deduced  for  the 
properties  of  brick  clays,  as  Bischof  and  Richters  have  furnished 
them  for  plastic  clays,  even  if  the  investigation  would  be  still 
more  complicated,  is  furnished  by  the  mechanical  analysis  of 
clay  by  means  of  the  washing  process;  and  if  this  has  been  given 
only  a  very  subordinate  rank  in  the  investigation  of  the  proper- 
ties of  clays,  the  reason  may,  for  the  most  part,  be  found  in  this, 
that  the  methods  of  the  investigation  used  for  this  purpose  have 
been  so  deficient  and  have  furnished  results  so  far  from  agree- 
ment that  its  value  was  very  properly  looked  upon  as  very  small. 

However  deficient  may  be  a  separation  of  the  unlike  compo- 
nents into  parts  that  are  approximately  alike  physically,  still 
a  more  general  use  of  this  method  would  have  given  more 
deamess  to  the  views  concerning  the  behavior  of  clay,  while  the 
numerous  analyses  have  not  advanced  us  a  single  step,  and 
if  we  have  lately  received  such  an  apparatus,  in  the  Schoene 
washing  apparatus,  which  permits  a  much  sharper  and  more  con- 
venient separation  than  was  formerly  possible,  it  is  an  acquisi- 
tion which  cannot  be  overestimated. 

It  is  not  only  the  chemical  investigation  of  the  indi- 
vidual components  of  clay  that  is  of  weight  in  judging  it,  but 
perhaps  in  a  still  higher  degree  the  mechanical  investigation. 
The  knowledge  of  the  structure  of  the  clay,  the  average  size  of 
the  grains  of  sand,  their  form  as  to  whether  they  are  round. 
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ground  or  splintered,  or  lamellae,  the  degree  of  cohesion,  the 
plasticity  of  clay,  the  amount  of  shrinkage  on  drying  and  burn- 
ing, its  porosity  and  water-holding  power,  its  hydroscopic  prop- 
erties, the  occurrence  and  the  kind  of  interdeposition  of  chance 
admixtures — all  these  are  questions  concerning  which  chemical 
analyses  can  give  us  no  information  whatever,  and  yet  they  are 
of  the  same,  for  the  most  part  perhaps,  of  greater  importance 
than  the  knowledge  of  the  chemical  composition.  These  ques- 
tions may  be  answered  only  by  careful  observation  made  at  the 
place  of  deposition  itself  by  the  most  subtle  observation  with 
microscope  and  magnifying  glass,  scales  and  washing  apparatus 
and  offer  such  a  variety  that  much  study  is  necessary  to  be  able 
to  answer  them  in  a  satisfactory  manner. 

I  am  convinced  that  these  questions  are  highly  urgent  for 
the  interests  of  brick-makers  in  order  to  explain  the  variety  of 
the  phenomena  which  appear  in  the  preparation  and  manipula- 
tion of  clays ;  but  all  the  scientific  investigations  give  us  no  help 
in  this  regard.  We  know  nothing  concerning  the  mutual  rela- 
tions between  the  degree  of  moisture  of  the  clay  and  its  con- 
traction and  cracking ;  nothing  of  the  relation  existing  between 
the  size  of  the  grain  and  the  amount  of  the  non-plastic  sub- 
stances and  the  porosity  and  water-holding  power,  and  it  will 
take  many  a  year  of  the  most  troublesome  investigation  and 
diligent  study  before  results  satisfactory  to  practice  appear  in 
this  direction,  so  completely  neglected  up  to  this  time. 

I  am  not  reproaching  science  for  not  having  cultivated  this 
field  at  all,  at  least  not  for  the  purpose  of  the  clay  industries, 
and  will  not  ascribe  to  science  the  responsibility  for  these  gaps 
whose  presence  we  cannot  deny ;  as  we  see  in  many  branches  of 
technology  that  make  use  of  science,  scientific  investigations 
prosper  only  where  they  were  not  undertaken  on  their  own 
account,  but  where  the  industries  approached  it  with  definite 
questions  and  with  a  well  defined  aim.  If  the  clay  industries 
have  up  to  this  time  not  come  with  questions  of  this  sort  and 
only  now  are  timidly  approaching,  the  cause  is  to  be  found  in 
the  fact  that  they  themselves  were  not  able  to  indicate  the  aims 
for  which  they  are  striving. 
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In  pointing  out  the  great  gaps  which  scientific  treatment 
shows  in  regard  to  the  knowledge  of  clay,  it  is  not  my  intention 
to  describe  a  definite  way  for  such  investigations,  but  rather  to 
cause  the  practical  man  to  formulate  accurately  his  questions 
and  his  needs  and  to  point  out  the  fact  that  a  few  investigations 
carried  out  in  the  manner  indicated  above  can  be  of  far  greater 
utility  and  give  much  greater  interest  to  the  questions  stirring 
the  industries  than  the  many  half  and  one-sided  ones  that  we 
already  possess. 


The  Mechanictl  Analysis  of  Clay 


Pkof.  Craa.  W.  Mbsloh,  TRAN8I«AT0R 

I  have  indicated  in  the  previous  chapter  how  deficient 
the  information  is,  which  chemical  analysis  alone  gives  for  the 
knowledge  of  the  properties  of  clay,  if  this  is  not  supported  by 
a  mechanical  separation  of  the  difiPerent  parts  by  mechanical  analy- 
sis. Through  the  excellent  work  of  Mr.  W.  Schuetze  we  have 
learned  how  to  obtain  such  a  separation,  how  to  easily  carry  out 
a  separation  of  the  constituents  of  clays  within  certain  limits 
with  scientific  exactness.  The  lack  of  regard  for  the  physical 
properties  has  been  one  of  the  chief  reasons  why  science  has 
not  been  able  to  explain  many  peculiarities  of  clay  bodies,  and 
that  the  conclusions  derived  from  a  chemical  analysis  were 
often  in  direct  contradiction  to  practical  experience;  and  if  these 
gaps  cannot  be  at  once  filled  out,  the  cause  for  it  lies  in  the 
fact  that  only  comparatively  few,  and  for  the  most  part  incom- 
plete, investigations  are  at  hand.  This  lies  in  the  nature  of  the 
chemical  investigation ;  since  it  has  been  inaccessible  to  mathe- 
matical treatment  which  bases  itself  on  few  observations,  it 
requires  a  great  number  of  direct  observations  to  be  able  to  de- 
duce laws  from  them. 

Hence,  if  I  communicate  a  few  mechanical  analyses,  it 
is  not  done  with  the  intention  of  deducing  from  them  far-reach- 
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ing  conclusions  which  can  be  obtained  only  from  a  large  num- 
ber of  observations,  but  rather  to  determine  certain  definite  con- 
ceptions for  such  constituents  of  day  whose  physical  properties 
differ  very  essentially  from  each  other. 

We  are  accustomed  to  consider  as  clay  substance  those  parts 
which  show  the  greatest  decomposition,  in  which  the  extraor- 
dinary extent  of  surface  brings  about  that  peculiar  phenomenon 
of  surface  attraction  that  we  call  plasticity,  which  shows  in  its 
exterior,  in  a  much  higher  d^^ree,  all  the  peculiarities  which  we 
observe  in  clay  in  the  ordinary  sense  of  the  word. 

This  peculiar  clay  substance,  even  if  it  does  not  make  up 
the  whole  mass,  is  contained  in  those  products  which  can  most 
easily  be  washed  out  of  the  clay  and  remain  suspended  longest 
in  the  water.  Since  all  apparatus  show  certain  imperfec- 
tions and  in  nature  there  are  no  leaps  from  the  finest  to  the 
coarse,  but  all  intermediate  stages  are  to  be  found,  it  is  necessary 
to  come  to  some  agreement  as  to  where  the  inavoidable  divisions 
are  to  be  made.  In  the  determinations  communicated  below, 
that  portion  was  called  clay  substance  which  was  carried  away 
by  means  of  the  best  washing  apparatus,  namely  Schoene^s, 
with  the  smallest  velocity  of  the  current  that  could  be  deter- 
mined to  a  certainty  :  This  is  0.18  mm.  per  second  with  20  mm. 
pressure  in  the  piezometer  according  to  the  magnitude  calculated 
by  Schoene  for  the  velocity  of  quartz  balls  falling  in  water  and 
from  the  direct  microscopic  measurements  of  the  products  of 
washing  from  his  apparatus,  this  velocity  would  indicate  a  maxi- 
mum size  of  the  grain  of  0.010  mm. 

The  part  not  separated  from  the  clay  with  this  smallest  ve- 
locity shows  qualities  essentially  different  from  the  real  clay  sub- 
stance. I  have  designated  it  as  rock  dust.  This  consists  of  small 
mineral  fragments  so  fine  that  on  rubbing  between  the  wet  fin- 
gers they  still  cause  a  slippery  feeling.  With  water  it  forms 
a  somewhat  plastic  but  short  mass  which  on  drying  shows  but 
little  coherence  and  remains  dull  on  rubbing  with  the  finger 
nail,  while  the  clay  substance,  with  a  similar  treatment,  assumes 
a  fine  polish.     Under  the  designation  of  rock  dust  come  all  ma- 
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terials  that  have  a  size  of  grain  between  0.010  and  0.035  mm.  in 
diameter  and  can  be  washed  out  with  a  velocity  of  0.70  mm*  per 
second. 

The  next  coarser  particles  are  designated  as  silt,  since 
through  the  touch  of  feeling  a  sandy  character  is  hardly  recog- 
nizable while  physically  it  shows  itself  as  such.  To  this  dust- 
like sand  corresponds  a  velocity  of  1.5  mm.  per  second,  900  mm. 
pressure  in  the  piezometer  and  a  grain  of  0.025  "  0.040  mm. 

As  fine  sand  are  designated  the  particles  whose  grain  has 
a  diameter  up  to  0.333  in^*;  ^  coarse  sand  everything  above  this. 

The  clays  investigated  differ  widely  in  their  qualities.  The 
one  marked  ^'  A  "  is  an  extremely  unctuous  and  refractory  clay 
of  the  lignite  formations  of  Senftenberg  in  eastern  Prussia  of  a 
grayish  white  color.  Clay  "  B  "  is  from  the  same  place  found 
in  alternate  layers  with  the  former  and  is  characterized  just  as 
much  by  great  fineness  as  by  its  shortness.  '*  C ''  is  a  refractory 
clay  from  Grenzhausen  in  Nassau,  as  it  is  used  without  any 
further  addition  or  manipulation  for  the  production  of  the  wares 
of  this  district  that  are  valued  so  highly  for  their  durability. 
'^  D,''  finally,  is  a  ferruginous  clay  alternating  with  strata  of  loam 
at  the  northern  edge  of  Berlin,  unctuous  and  full  of  sharp  grains 
of  sand,  contracting  very  much  on  drying  and  badly  cracking. 

The  given  characteristics  find  their  expression  again  in  their 
analyses  by  washing. 

The  four  clays  "A'*  from  Senftenberg  (unctuous),  "B"  from 
Senftenberg  (short),  "C"  from  Grenzhausen,  and  "D"  from  Berlin, 
gave: 


Coarsesand  with  grains  over  0.333  mm. 
Pine  sand  from  0.333  to  0.040  mm. 
Silt  from  0.040  to  0.025  ™™-     ' 
Rock  dust  from  0.025  to  o.oio  mm. 
Clay  substance  from  o.oio  to  0.000 mm. 


A 

cent. 


0.58 
300 

352 
II. 16 

82.18 
100.44 


B 
Percent 

c 

Percent 

0.34 
28.46 

13.84 
20.24 

37.10 
99.98 

0.18 
10.64 

9.08 
10.88 
68.32 

99.10 

D 
Percent 


21.20 

11.58 
1.84 

2.14 

62.00 

98.76 
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A  comparison  of  the  given  figures  permits  us  to  draw  some 
conclusions  in  regard  to  the  quality  of  the  material.  While  in 
the  most  plastic  of  the  clays  investigated,  the  Senftenberg  clay 
marked  ''A^\  the  greatest  content  of  clay  substance  appears  and 
besides  this  only  the  finest  mineral  fragments  are  found,  with 
the  others  the  fine  and  finest  non-plastic  constituents  are  more 
prominent  and  give  rise  to  their  character  as  short  and  less  plas- 
tic materials  without  depriving  them  of  all  the  good  qualities  of 
plasticity  and  fineness.  With  the  Berlin  clay,  however,  besides 
the  plastic  mass  the  relatively  coarse  non-plastic  parts  appear 
more  prominently  while  the  finer  ones  nearly  vanish  completely ; 
with  these,  properties  at  once  appear  that  do  not  exactly  recom- 
mend it. 

It  cannot  be  doubted  that  the  valuation  of  the  material  is 
made  so  difficult  only  by  the  variety  of  the  constituents  which 
causes  these  differences,  by  the  size  of  the  grain,  the  shape,  char- 
acter of  the  surface,  and  the  mutual  relation  of  the  same.  As 
long  as  comprehensive  and  systematic  investigations  have  not 
been  made  in  this  direction  which  permit  safe  conclusions  from 
a  large  number  of  observations,  the  phenomena  of  shrinking, 
cracking,  porosity,  of  water-holding  power,  and  absorption  of 
water  must  remain  unexplained  and  practice  must  grope  in  the 
dark  as  heretofore.  Unfortunately  the  number  of  accessible  ob- 
servations is  so  very  small  that  for  the  present  they  can  be  of 
little  practical  utility  until  they  get  their  full  value  through 
further  observations. 


Note  on  the  Use  of  Schoene's  Washing  Apparatus 


Prop.  Chab.  W.  Mbsloh,  Trakslatok 

However  good  results  Schoene's  washing  apparatus  fur- 
nishes in  separating  substances  of  different  sized  grains,  the  use 
of  it  is  apt  to  result  in  error,  especially  when  the  problem  re- 
quires the  separation  of  the  finest  washed  substances  from  the 
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sandy  and  silty  part,  but  less  so  with  the  separation  of  the  coarser 
grained  material  which  requires  the  application  of  a  greater 
velocity. 

If  for  the  purpose  of  a  mechanical  analysis  we  put  the  clay 
to  be  washed,  completely  broken  up  by  continued  boiling  and 
freed  from  all  root  fibers  and  coarse  sand,  through  a  sieve  having 
meshes  of  0.2  mm.,  into  Schoene's  washing  funnel  and  b^n  the 
washing  operation  with  the  precautionary  measures  described 
by  Schuetze  in  the  NoHzblati^  1871,  7i  307,  and  187a,  8f  185, 
to  remove  the  finest  clay  substance,  there  is  formed  in  the  lower 
part  of  the  washing  funnel  a  deposit  of  sand  and  finer  parts  be- 
cause the  slight  velocity  is  not  able  to  keep  these  parts  suspended. 
The  lower  end  of  the  washing  funnel  shows  how  this  deposition 
takes  place ;  with  the  precipitated  sand  not  only  rock  flour,  but 
frequently  also  the  finest  clay  substance,  is  frequently  thrown 
down,  and  so  escapes  washing  and  removal. 

If  for  the  purpose  of  removing  the  rock  flour  and  dust4ike 
sand  the  current  is  increased,  the  more  powerful  current  of  water 
often  passes  over  this  sandy  deposit  without  completely  causing 
its  suspension,  and  it  often  needs  a  continued  tapping  with  the 
finger  or  a  strong  supply  of  the  washing  water  in  a  jet,  after  stop- 
ping the  supply  of  water  for  a  time,  to  drive  away  the  deposited 
sand  and  cause  it  to  be  suspended  in  the  lower  part  of  the  wash- 
ing ftmnel  in  the  quickly  rising  current  of  the  water. 

Naturally,  reliable  results  can  only  be  obtained  when  all 
parts  are  incessantly  exposed  to  the  current  of  water  and  an 
incomplete  separation  sometimes  appears  as  a  result  of  the  evil 
mentioned,  since  the  liquid,  by  means  of  which  the  rock  dust- 
like sand  and  fine  sand  were  carried  over,  does  not  appear  clear 
after  standing  awhile,  but  often  has  a  milky  color  for  days, 
whereas  with  a  thorough  manipulation  of  the  washing  analysis 
a  complete  clearing  has  often  taken  place  after  a  quarter  of  an 
hour  by  the  precipitation  of  the  sandy  parts.  By  means  of  a 
little  artifice  the  evil  mentioned  may  be  avoided  with  ease  and 
certainty,  and  anybody  who  works  with  a  washing  apparatus  is 
able  to  make  the  little  auxiliary  apparatus  himself. 
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Into  the  lower  part  of  the  washing  funnel  "A"  a  piece  of  cork 
is  introduced  into  which  a  hole  from  5  to  8  mm.  has  been  bored 
and  filed  out  upward  in  the  shape  of  a  funnel  with  edges  as  sharp 
as  possible.  The  lower  round  opening  is  closed  by  means  of  a 
little  brass  sieve  a,  having  meshes  of  o.  2  mm.  which  is  cemented 
under  the  cork  by  means  of  sealing-wax.  In  consequence  of  the 
small  size  oi  the  many  openings  through  which  the  water  streams 
into  the  washing  funnel,  its  velocity  is  so  great  that  no  sand  par- 
ticles can  get  through  the  sieve  into  the  lowest  curved  part  and 
be  deposited  there,  but  they  remain  in  constant  violent  agitation 
in  the  interior  of  the  funnel-shaped  cork  or  suspended  freely  in 
the  water  above  it  during  the  whole  process*  even  with  the  small- 
est velocity. 

If  one  is  careful  to  cause  an  extremely  weak  current  of 
water  in  the  washing  funnel  before  pouring  in  the  clay,  nothing 
will  get  under  the  sieve  and  a  very  sharp  separation  of  the  parts 
carried  above  it  by  the  current  of  water  is  made  possible.  Even 
when  the  water  is  cut  off  completely  nothing  or  at  any  rate  only 
a  few  coarse  grains  which  cannot  be  lifted  out  of  the  apparatus 
by  the  current  of  water  will  fall  through  the  sieve. 


Notes  on  the  Chemical  Constitution  of  Clays 


Prof.  Cbab.  W.  Mbsloh,  Tramslatoii 

However  valuable  the  data  are,  which  tlie  physical  investi- 
gation of  clays  offers  in  regard  to  their  behavior  in  the  plastic 
condition,  in  drying  and  soft  burning,  however  valuable  the 
chemical  analysis  is  for  the  recognition  of  the  constituents  which 
prove  harmful  in  the  manufacture,  as  in  the  investigations  of 
Bischof  and  Richters  for  the  judging  of  the  degree  of  fusibility, 
these  investigations  do  not  yet  suffice  in  all  cases  for  character- 
izing sharply  the  character  of  a  clay  or  a  body  for  clay  wares, 
and  it  happens  often  enough  that  the  scientific  results  and  the 
discoveries  of  practice  deviate  more  or  less  from  one  another.  It 
is  therefore  necessary  in  many  cases  to  confirm  or  to  supplement 
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the  results  obtained  by  science,  by  practical  tests  which  are  simi- 
lar to  those  used  in  the  industries.  The  cause  for  this  is  found  in 
the  fact  that  the  chemical  and  physical  analyses  allow  only  a 
few  mutual  relations  to  be  seen  and  do  not  give  information  con- 
cerning all  conditions.  The  physical  analysis  teaches  us  to 
know  the  relations  between  the  clay  substance  and  the  un- 
weathered  mineral  fragments  of  varying  size,  and  explains  a 
series  of  phenomena  that  are  more  or  less  independent  of  the 
chemical  composition.  The  chemical  analysis  gives  us  hardly  any 
information  concerning  physical  properties,  and  for  the  behavior 
in  high  temperatures  conclusions  are  only  possible  under  the 
presupposition,  that  all  substances  indicated  by  the  chemical 
analysis  can  enter  into  action.  This,  however,  is  not  often  the 
case,  especially  when  the  clay  contains  coarse  ingredients  of  any 
kind  whatever,  and  in  these  cases  the  result  of  the  chemical  anal- 
ysis will  always  have  to  be  corrected  by  further  experiments 
adopted  to  the  practical  use.  Both  methods  of  investigation, 
therefore,  do  not  permit  us  to  recognize  sufficiently  well  the 
character  of  the  clay. 

This  apparent  contradiction  between  the  results  of  scientific 
investigation  and  the  phenomena  found  in  practice  is  very  plainly 
illustrated  by  the  experiments  that  were  made  in  Sevres  which 
aimed  to  produce  hard  Chinese  porcelain  according  to  the  results 
of  chemical  analysis.  Brogniart  reports  that  in  these  experi- 
ments the  constituents  of  porcelain,  that  is,  silicic  acid,  alumina, 
alkalies,  etc,  mixed  in  the  proper  proportions,  gave  no  porce- 
lain in  the  porcelain  fire,  but  only  a  white  enamel.  Prom  this 
we  see  that  not  only  the  individual  constituents  of  a  clay  mass 
have  an  influence  on  the  properties  according  to  their  quality 
and  quantity,  but  that  the  compounds  ready  formed  in  it  have 
an  influence  through  their  chemical  as  well  as  through  their 
physical  differences  on  the  properties  of  the  whole. 

In  general  we  can  look  upon  clay  as  a  mixture  of  quartz 
grains,  unweathered  mineral  fragments,  and  the  weathering  prod- 
uct of  the  latter,  the  clay  substance  (for  the  most  part  silicate 
of  alumina  containing  water).     Since  the  two  latter  substances 
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may  be  very  difiFerent,  not  only  qualitatively  but  also  quantita- 
tively, and  in  reference  to  their  size  of  grain  show  great  fluctua. 
tions,  it  is  clear  that  we  can  only  then  speak  of  an  accurate 
knowledge  of  clay  when  we  succeed  in  determining  these  con- 
stituents according  to  their  kind  and  amount  in  the  clay  or  in 
bodies. 

In  the  case  of  the  bodies  employed  for  the  finer  branches  of 
the  clay  industries,  the  internal  constitution  is  better  known  to 
us,  because  the  raw  materials  used  here  are  always  as  pure  as 
possible  and,  in  part,  also  chemically  well  definable. 

Bodies  for  hard  porcelain  are  for  the  most  part  composed 
of  three  constituents :  quartz,  feldspar,  kaolin.  Quartz  consists 
essentially  of  crystalline  silicic  acid,  feldspar  of  a  combination 
of  silicic  acid,  alumina,  and  alkalies  (potassium,  sodium  some- 
times partially  replaced  by  calcium  and  magnesium  oxide);  kao- 
lin consists  of  the  same  constituents  in  a  difiFerent  proportion 
with  generally  only  small  amounts  of  alkalies  besides  water. 
The  latter  is  not  considered  in  the  chemical  composition  of  por- 
celain. If  we  now  know  the  chemical  composition  of  a  porce- 
lain body,  that  is  of  quartz,  feldspar,  and  kaolin,  and  wish  to 
compose  from  it  a  porcelain  of  definite  elementary  composition 
we  could  cfiuse  these  three  constituents  to  vary  in  several  pro- 
portions, since  they  all  contain  the  one  or  the  other  substance 
in  common,  without  causing  great  differences  to  appear  in  the 
chemical  composition  of  the  whole.  Nevertheless,  the  proper- 
ties of  the  mass,  according  as  one  or  the  other  of  the  essential 
constituents  becomes  more  prominent  quantitatively,  would  differ 
very  much  in  spite  of  the  same  chemical  composition  of  the 
whole.  In  practice,  the  materials  used  are  never  in  such  a  con- 
dition that  they  can  be  looked  upon  as  pure  chemical  combina- 
tions. With  quartz  or  powdered  flint,  and  so  on,  and  with  feld- 
spar, this  may  be  the  case ;  rarely  however  with  kaolin,  which 
even,  when  washed  very  fine,  contains  more  or  less  large  parts 
of  the  rock  formation  from  which  it  has  originated,  especially 
fragments  of  quartz  and  feldspar  that  have  escaped  weathering. 
Since  the  bodies  are  formed  empirically,  the  natural  content  of 
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quartz  and  feldspar  in  kaolin  however  is  unknown  according  to 
the  method  of  investigation  heretofore  employed,  and  cannot  be 
taken  directly  from  the  analysis ;  the  conditions  are  changed 
with  the  change  of  the  source  and  new  proportions,  and  often 
new  experiments  are  made  necessary.  This  would,  however, 
not  be  necessary  if  one  could  determine  in  advance  the  relations 
between  quartz,  feldspar,  and  the  real  clay  substance  in  kaolin. 
For  those  branches  of  the  clay  industries  th  at  compound  their 
bodies  from  raw  materials  which  have  definite  sources  and  con* 
stant  properties,  it  is  not  difficult  to  cause  the  properties  of  the 
body  to  vary  empirically  within  certain  limits  by  a  change  in 
the  proportion.  Much  more  difficult  is  it  for  those  industries  that 
work  up  raw  material  of  less  pronounced  individuality  as  plas- 
tic clay,  potter's  clay,  brick  clay,  which  on  the  occasion  of  a  nat- 
ural washing  process  have  taken  up  foreign  substances  not  be- 
longing to  the  original  product  of  weathering  and  in  which 
therefore  clays  lying  near  to  or  above  one  another  show  great 
d]£Ferences.  The  former,  to  be  sure,  need  a  greater  amount  of 
artificial  manipulation,  yet  it  cannot  be  denied  that  with  refer- 
ence to  the  production  of  the  body  the  latter  produce  greater 
difficulties  in  manufacture,  and  I  have  heard  it  stated  by  a  com- 
petent professional,  that  it  is  much  easier  to  produce  a  faultless 
white  porcelain  or  stoneware  than  terra  cotta  or  tile  of  a  definite 
color  and  strength,  in  case  one  is  compelled  to  use  raw  materials 
wholly  unknown  as  to  their  peculiarities. 

These  difficulties,  which  the  lack  of  knowledge  of  the  prop- 
erties of  the  materials  to  be  used  cause  in  the  one  direction  or 
the  other,  are  for  the  most  part  to  be  overcome  only  by  empiri- 
cal experiments  which  cost  much  time  and  money  and  cause  dis^ 
tnrbances  in  the  regular  running  of  the  factory.  They  would 
be  essentially  diminished  by  a  better  knowledge  of  the  inner 
constitution  of  clays,  through  the  knowledge  of  the  distribution 
of  constituents,  as  indicated  by  chemical  analysis  in  the  con- 
stantly recurring  essential  constituents,  differing  from  one  an- 
other in  their  chemical  and  physical  properties ;  by  knowing 
which   belong  to  the  constituent  that  does  not  weather  at  all, 
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yielding  to  all  chemical  influences  only  at  the  highest  tempera- 
tures, as  quartz ;  which  belong  to  constituents  capable  of  weath- 
ering, as  the  mineral  fragments  (feldspar,  etc.);  and  which  to  the 
real  clay  substance  in  the  widest  sense,  the  product  of  decompo- 
sition of  all  argillaceous  minerals. 

Such  a  further  knowledge  of  the  essential  constituents  of 
clay  has  been  aimed  at  by  several  investigators  and  finds  its  ex- 
pression in  the  so-called  *  rational '  analysis  of  clays.  This  is 
based  on  the  di£Ferent  chemical  behavior  of  mineralogically  dif- 
ferent constituents  of  clay,  but  has  for  the  most  part  found  ap- 
plication only  in  the  determination  of  the  chemical  constitution 
of  the  real  clay  substance,  while  the  other  constituents,  except- 
ing the  free  amorphous  silicic  acid,  have  not  found  that  consid- 
eration which  they  deserve.  Due  regard  for  this  seems  all 
the  more  desirable  in  the  clay  industries,  since  the  constituents 
which  from  their  physical  properties  are  not  to  be  looked  upon 
as  clay,  are  present  even  in  the  purest  clay,  the  washed  kaolin, 
and  in  a  considerable  proportion  in  the  unctuous  plastic  clays, 
while  with  the  more  impure  clays  and  the  brick  clays  they 
amount,  for  the  most  part,  to  more  than  half  of  the  whole  mass. 

According  to  the  example  of  Porchhammer  and  Presenius, 
a  series  of  porcelain  earths  and  plastic  clays  have  been  investi- 
gated in  the  direction  indicated  and  published,  in  order  to  make 
clear  the  process  taking  place  in  the  weathering  of  feldspar  into 
clay.  The  method  of  investigation  is  based  on  the  fact  that  the 
product  of  the  weathering  of  feldspar  (that  is,  the  real  clay)  is 
completely  decomposed  under  the  influence  of  sulphuric  acid  at 
a  high  temperature,  while  quartz,  feldspar,  and  other  minerals 
rich  in  silicic  acid,  occurring  in  it,  are  una£Fected,  so  that  it  is 
at  least  possible  to  separate  the  one  constituent,  the  clay  sub- 
stance, and  examine  it  more  closely  with  regard  to  its  constitu- 
tion. 

We  find  furthermore  in  the  literature  a  number  of  clay 
analyses  in  which  the  real  clay  substance  is  indicated  in  its  com- 
position together  with  free  silicic  acid  and  the  parts  soluble  in 
hydrochloric  acid,  and  in  which  the  undecomposed  mineral  frag- 
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ments  have  been  entered  under  the  heading  "  insoluble  residue," 
without  examining  their  composition  more  carefully.  Other 
analytical  chemists  have  made  use  of  the  same  method  to  deter- 
mine the  various  conditions  in  which  silicic  acid  is  found  in  all 
days  and  in  which  it  also  possesses  different  properties,  as  chem- 
ically combined  silicic  acid,  amorphous  silicic  acid  set  free  by 
weathering,  or  as  crystalline  silicic  acid  (quartz  sand).  Among 
these  analytical  chemists  are  found  also  Bischof  and  Richter  to 
whom  we  owe  a  large  number  of  carefully  executed  analyses  of 
clay.  In  these  analyses,  that  part  of  the  clays  insoluble  in  sul- 
phuric acid  is  siipply  looked  upon  as  quartz  sand  and  calculated 
as  free  crystalline  silicic  acid.  For  the  determination  of  the 
silicic  acid  present  as  quartz  the  method  is,  however,  admissible 
only  if  the  clay,  besides  clay  substance,  contains  only  quartz  and 
no  other  minerals  not  decomposed  by  sulphuric  acid.  As  the 
analyses  below  will  show,  the  residues  which  remain  after  the 
breaking  up  of  the  clay  substance  by  sulphuric  acid  and  which 
liave  been  entered  as  quartz  in  the  analyses  by  some  chemists, 
do  not,  in  most  cases  consist  of  pure  silicic  acid,  but  contain 
also  amounts  of  alumina  and  alkalies,  which  can  not  be  neg- 
lected, and  which  give  to  them  the  character  of  mixtures  of 
quartz  with  silicates  of  alumina. 

In  a  former  consideration  of  the  various  methods  of  investiga- 
tion of  clay  and  the  conclusions  to  be  drawn  from  them,  Aron 
has  pointed  out  the  great  importance  for  practical  purposes  of 
the  rational  analysis,  used  heretofore  only  for  purely  scientific 
purposes  in  connection  with  the  chemical  analysis  of  elements 
and  the  physical  analysis,  which  remains  justified ;  this  has  in- 
duced the  author  to  examine  this  method  of  investigation  more 
carefully,  and  not  only  in  the  direction  of  determining  the 
amount  and  composition  of  clay  substance,  but  also  the  mutual 
relation  of  quartz  to  undecomposed  feldspar  and  other  minerals 
in  order  to  get  some  clearness  in  this  direction  also. 

Now,  before  the  investigation  of  a  series  of  clays  could  be 
undertaken  in  this  way,  the  method  itself  had  to  be  subjected  to 
a  trial  as  to  whether  and  under  what  circumstances  a  complete 
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decomposition  and  separation  of  the  clay  substance  from  the 
undecomposed  mineral  fragments  is  possible,  and  in  how  far  the 
latter,  especially  feldspar,  are  able  to  offer  resistance  to  the  ac- 
tion of  the  reagent  employed.  For  this  purpose  days  of  very 
different  chemical  and  physical  constitution  were  exposed  to  the 
action  of  sulphuric  acid  for  different  lengths  of  time,  and  it  was 
noted  after  what  interval  of  time  the  residue  produced  by  the 
decomposition  remained  constant ;  that  is,  when  the  action  was 
complete.  There  were  selected  for  this  experiment  the  extremely 
unctuous  pot  clay  of  Gruenstadt  and  the  very  short  brick  clay 
of  Schwarzehuette  near  Osterode  in  the  Hartz  mountains. 

Of  each  of  these  clays  three  samples  of  about  2  grams  were 
weighed,  boiled  with  water  in  a  platinum  dish  until  fully  broken 
up,  then  mixed  with  10  cc.  of  concentrated  sulphuric  acid  and 
heated,  first  on  a  water-bath,  then  on  the  open  flame  until  the 
excess  of  sulphuric  acid  was  completely  evaporated  at  such  a 
rate  that  the  action  of  the  sulphuric  acid  lasted  from  five  to  six 
hours  near  its  boiling-point,  that  is  at  about  300®  C  With  the 
one  sample  nothing  more  was  done ;  with  the  second  the  dry 
residue  was  mixed  with  concentrated  sulphuric  acid  to  a  thin 
paste  and  again  exposed  from  five  or  six  hours  to  the  action  of 
sulphuric  acid  at  about  300^  C;  with  the  third  sample  this  op- 
eration was  repeated  once  more  so  that  the  time  of  the  action  of 
hot  sulphuric  acid  amounted  respectively  to  from  five  to  six,  ten 
to  twelve,  and  fifteen  to  eighteen  hours.  Thereupon  the  sam- 
ples were  boiled  first  with  water,  then  twice  alternately  with  a 
solution  of  caustic  soda  and  dilute  hydrochloric  acid  for  the  re- 
moval of  the  sulphates  formed  and  the  silicic  acid  that  had  been 
separated  out ;  the  remaining  sandy  residue  was  collected  on  a 
filter,  washed,  ignited,  and  weighed. 

The  following  table  gives  the  amounts  of  the  residues  re- 
maining : 


Time  of  the  action  of  sulphnric  add. 


On  the  Gruenstadt  clay 

On  the  brick  clay  from  Schwarzehuette 


5  to  6  hours. 


Per  cent. 
8.64 
76.41 


lo-ia  hours. 


Per  cent. 

7.79 
66.71 


15-18  hours. 


Per  cent. 
7.69 

66.86 
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We  see  from  this  that  after  the  second  evaporation  of 
the  sulphuric  acid,  that  is  after  an  action  of  from  ten  to  twelve 
hours,  the  decomposition  may  be  regarded  as  completed,  and  that, 
however,  an  action  of  five  to  six  hours  does  not  seem  sufficient 
In  order  to  be  altogether  certain  the  action  was  extended  to  from 
fifteen  to  eighteen  hours  in  the  experiments  following ;  the  prod- 
uct of  the  first  action  of  the  sulphuric  acid  was  twice  mixed  with 
the  concentrated  sulphuric  acid  to  a  thin  paste  and  the  sulphuric 
acid  evaporated. 

In  order  to  determine  whether  the  residues  remaining  really 
consisted  only  of  the  quartz  or  whether  they  contained  other 
minerals,  they  were  stirred  with  some  dilute  sulphuric  and  hy- 
drofluoric acids  for  some  time,  then  by  heating  the  excess,  hydro- 
fluoric acid,  silicon  fluoride  and  sulphuric  acid  were  driven  off 
and  the  residue  of  aluminum  sulphate  and  alkaline  sulphates 
was  weighed.  It  amounted  in  the  case  of  the  Gruenstadt  clay  to 
a  26  per  cent,  and  in  the  brick  clay  from  Schwarzehuette,  8.54 
per  cent 

We  see  from  this  that  while  the  residue  in  the  case  of  the 
one  clay  actually  consists  almost  entirely  of  quartz,  as  was  as- 
sumed in  most  analyses  in  which  the  same  process  was  employed, 
the  residue  in  the  case  of  the  second  contains  appreciable  amounts 
of  basic  material  and  other  minerals  not  decomposed  by  sulphuric 
acid,  which,  however,  would  most  likely  show  a  different  be- 
havior in  the  fire  than  quartz. 

In  the  same  way  a  powdered  sample  from  a  firm  and  appa- 
rently unweathered  feldspar  crystal  was  treated.  It  showed  a 
residue  of  97.76  per  cent.  This  slight  attack  of  sulphuric  acid 
need  not  be  regarded  practically,  and  it  remains  doubtful,  at  any 
rate,  whether  it  is  not  to  be  referred  to  a  slight  weathering,  so 
that  under  the  given  circumstances  we  may  r^[ard  feldspar  as 
being  not  attacked  by  sulphuric  acid. 

In  the  case  of  those  clays  that  owe  their  origin  to  the  weath- 
ering of  feldspathic  rocks  and  have  not  yet  experienced  a  natu- 
ral washing,  it  may  be  expected  that  they  still  contain  a  greater 
or  less  proportion  of  unweathered  feldspar  besides  the  clay  sub- 
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stance  and  the  quartz ;  in  the  case  of  clays  found  in  secondary 
beds,  other  substances  are  usually  added.  It  would  therefore 
be  important,  not  only  for  scientific,  but  in  a  higher  d^[ree 
for  practical  purposes,  to  possess  a  method  of  determining 
directly,  at  least  approximately,  the  amount  of  undecomposed 
minerals  besides  quartz  and  to  determine  their  nature.  Un- 
fortunately  such  a  method  is  not  yet  in  existence,  and  the  author 
has  not  succeeded  in  determining  quartz  and  feldspar  side  by 
side  in  a  manner  even  only  approximately,  except  indirectly  by 
the  determination  of  the  silicic  acid  and  the  alumina. 

A  direct  separation  of  quartz  and  silicates  was  attempted  by 
the  melting  of  quartz  and  pure  feldspar  powder  with  boric  acid, 
vitreous  phosphoric  acid  and  phosphorus  salts,  and  it  was  shown 
that  on  the  one  hand  the  quartz  is  dissolved  by  these  substances 
to  a  considerable  degree  in  igneous  fusion ;  on  the  other  hand 
that  the  decomposition  of  feldspar  was  only  very  incomplete 
even  after  a  long  action.  Therefore  the  direct  chemical  separa- 
tion of  the  quartz  from  other  mineral  fragments  was  given  up, 
and  the  composition  of  the  residue  insoluble  in  sulphuric  acid 
was  determined  by  decomposing  it  with  four  times  its  weight  of 
potassium  and  sodium  carbonate  which  succeeds  very  well  with 
the  invariably  high  content  of  silicic  acid  without  previous  pow- 
dering and,  therefore,  without  loss  of  substance.  This  mass  was 
dissolved  in  water,  the  silicic  acid  completely  separated  with 
hydrochloric  acid  and  subsequent  evaporation ;  after  filtering  o£F 
the  silicic  acid  the  alumina,  which  in  the  case  of  the  impure 
brick  clays  sometimes  contains  iron,  was  separated  out  by  twice 
precipitating  it  with  ammonia  and  the  remainder  calculated  as 
alkali. 

If  one  is  certain  of  having  only  quartz  and  feldspar  to  deal 
with,  a  determination  of  both  may  be  carried  out  with  scientific 
accuracy  by  calculation, — ^but  not  when  other  minerals  are  pres- 
ent. For  practical  purposes  one  will  get  determinations  suffi- 
ciently accurate  when  for  such  mineral  fragments  one  calculates 
as  much  silicic  acid  for  the  proportion  of  alumina  as  corresponds 
to  the  composition  of  feldspar. 
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In  all  further  investigations  the  amount  of  mineral  frag- 
ments is  calculated  out  of  the  amount  of  alumina  as  if  it  were 
derived  only  from  feldspar.* 

I 

The  following  analyses  of  kaolins  carried  out  in  this  way 
and  compared  with  an  analysis  of  the  porcelain  body  of  the 
Royal  Porcelain  factory  in  Charlottenburg,  will  make  clear  the 
practical  importance  of  the  method  of  investigation. 

There  were  investigated : 

1.  Kaolin  from  Ledez  near  Pilsen^  washed. 

2.  Kaolin  from  Kottiken  near  Pilsen,  washed. 

3.  Body  from  the  Royal  Porcelain  factory  in  Charlot- 

tenburg. 


I 

a 

1 

3 

Results. 

ToUl 
amonnt. 

Insoluble 
in  Ht804. 

Total 
Amount. 

Insoluble 
in  HtSOf. 

Total 
smount. 

Insoluble 
in  HtS04. 

Silicic  acid    • 

49.16 

9.05 

49.91 

10.65 

63.07 

38.09 

Altunina  - 

36.73 

1.70 

35.99 

1. 21 

24.67 

4.15 

Ferric  oxide  - 

0.81 

0.63 

0.59 

Caldtun  oxide  - 

trace 

^ 

0.00 

0.00 

Magnesium  oxide 

0.18 

0.30 

0.40 

PotaBh  - 

1.18 

0.99 

0.76 

0.73 

4.25 

2.84 

Water       - 

12.41 

12.34 

7.00 

100.50 

11.74 

99.93 

12.59 

99.98 

45.08    . 

These  figures  at  first  admit  of  no  comparison  and  nothing 
indicates  that  we  have  to  do  here  with  mixtures  of  the  same 
materials,  quartz,  feldspar,  and  clay  substance  only  in  different 
proportions  of  mixture.  If,  however,  from  the  composition  of 
the  part  not  soluble  in  sulphuric  acid,  we  calculate,  on  the  one 
hand  the  relation  between  quartz  and  feldspar  (i  per  cent  of 

*  NoU. — According  to  a  later  proposition  by  Dr.  lindhorst  ( "  Thon-Induatrie  Zeit- 
ixagt**  (1878)  2,  435)  the  residue  insolnble  in  sulphuric  acid  is  broken  up  with  hydro- 
fluoric acid  And  thereb>  a  quantitative  determination  of  the  potassium  and  sodium 
content  of  the  unweathered  rock  is  made  possible.  This  method  has  since  been 
adopted  by  Seger  and  is  now  the  only  one  used. — The  publishers. 
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alumina  corresponds  to  3.51  per  cent  of  silicic  acid  derived  from 
feldspar),  and  on  the  other  hand  the  composition  of  the  real  day 
substance,  then  the  analyses  gain  very  much  in  clearness. 


I.  Kaolin  from 

I^edcx. 

Percent. 

a.  Kaolin  fiom 
Kottiken. 
Per  cent. 

3.  Porcelain  body 

from  Cliarlottenberg. 

Percent 

Quartz- 

5.08 

6.40 

23.52 

Peldspathic  resid  'e 

8.65 

6.19 

21.56 

day  substance  - 

86.27 

87.41 

54.92 

100.00 

100.00 

100.00 

The  clay  ■ubetanoe 

Oxygen 
content. 

Oxygen 
content. 

content 

Silicic  acid    • 

40.11 

21.39 

40.26 

21.41 

24.98 

13.32 

Alumiiia  • 

35.03 

16.39 

34.78 

16.27 

20.52 

9.60 

Ferric  oxide 

0.81 

0.24 

0.63 

0.19 

0.59 

0.18 

Calcium  oxide  - 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Magnesium  oxide 

0.18 

0.07 

0.30 

0.12 

0.40 

0.16 

Alkalies 

0.19 

0.03 

0.03 

0.00 

I.41 

0.24 

Water 

12.41 

11.03 

12.42 

11.03 

7.00 

6.22 

If  from  the  amounts  of  oxygen  contained  in  the  second  col- 
umns we  calculate  the  chemical  formulae  of  the  clay  substances 
assuming  that  the  sesquioxides  (oxides  of  aluminum  and  iron) 
and  the  monoxides  (magnesia,  potassium,  and  water)  mutually 
displace  each  other,  we  obtain  the  following  equivalent  propor- 
tions : 

Silicic  add.  Alnmina.  Water. 

1.  Kaolin  -  -  1.92        :         i         :        2.01 

2.  Kaolin     -  1.95        :         i         :         2.08 

3.  Porcelain  body  -  2.04  i  2.04 

The  clay  substance  of  all  three  materials  investigated  is, 
therefore,  to  be  considered  as  identical  in  its  chemical  composi- 
tion and  corresponds  to  the  formulas  of  clay  substance  set  up  by 
Porchhammer  for  the  product  of  decomposition  of  feldspar : 

Al.O3.2SiO.  +  2H.O. 

There  is,  however,  a  difference  between  the  clay  substances 
in  so  far  as  with  them  an  unequal  amount  of  water  is  displaced 
by  fixed  alkalies  which  according  to  their  amounts  must  exer- 
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cise  a  varying  influence  as  fluxes  at  high  temperatures.     If  we 
omit  water  and  calculate  the  proportion  between  fluxes,  alumina 
and  silicic  acid,  as  Bischof  does  for  the  determination  of  the  quo- 
tient of  refractoriness,  we  obtain  the  following  numbers : 
To  one  equivalent  of  flux  there  are  contained  in 

1.  Kaolin  of  Ledez  55.43  eqniv.  A1,0,,  and  106.95  eqniv.  SiO|. 

2.  Kaolin  of  Kottiken         -    45.71       '*  "        "      89.25 

3.  Body  from  Charlottenbniig:    7.76      "  •*        *•      15.85 

Such  simple  relations  and  such  a  clear  idea  of  the  inner 
constitution  as  a  rational  analysis  can  furnish,  in  connection  with 
elementary  analysis,  in  the  case  of  kaolins,  we  can,  of  course, 
not  expect  in  the  case  of  clays  of  a  secondary  or  tertiary  bed ; 
on  the  one  hand,  because  in  the  most  cases  the  original  rock 
forming  the  clay  can  not  be  found,  and  hence  we  can  not  deter- 
mine the  simple  relations  as  they  exist  between  the  feldspar  and 
the  clay  substance  of  the  primary  kaolin ;  on  the  other  hand, 
because,  through  percolation,  substances  have  for  the  most  port 
been  added,  that  exert  a  considerable  influence  on  the  property 
of  the  day,  but  from  their  nature  can  not  be  distinguished  sep- 
arately from  the  mixture.  In  the  two  following  tables  are, 
first,  four  clays,  which,  coming  from  the  lignite  formations,  are 
to  be  classed  with  the  purer  clays,  and  belonging  to  the  lower 
stages  of  the  refractory  scale  are  used  for  the  manufacture  of 
light-colored  face  brick  and  stoneware  products;  and  second, 
four  brick  clays,  free  from  lime,  which  have  proved  especially 
fitted  for  the  manufacture  of  paving  brick. 

The  process  of  investigation  is  similar  to  that  described  for 
kaolin.  In  place  of  feldspar  being  associated  with  quartz  and 
clay  substance,  other  silicates  will  appear,  especially  in  the  brick 
days.  Since  these,  however,  from  their  nature,  can  be  only  com- 
pounds containing  much  silidc  add,  we  shall  not  be  much  in 
error  if  we  assume  the  same  silicic  acid  content  for  them  as  exists 
in  feldspar ;  that  is,  for  i  per  cent  of  the  alumina  and  iron  oxide 
present  in  the  residues,  not  decomposed  by  sulphuric  acid,  3.51 
per  cent  of  silidc  acid  is  assumed  to  belong  to  the  undecom- 
posed  mineral  fragments  and  the  rest  of  the  silidc  acid  is  given 
as  quartz. 
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II 

Lignite  Clays  Free  prom  Lime,  Burning  White  or  Bupp 

4.  Clay  from  the  Greppin  works  near  Bitterfdd. 

5.  Clay  from  Liegnitz. 

6.  Stoneware  clay  from  Kottiken  near  Pilsen. 

7.  Stoneware  clay  from  Ledez  near  Pilsen. 


4 

S 

6 

7 

Contents. 

Total. 

InK>l. 

in 
H,804. 

TotaL 

InK>l. 

in 
H,S04. 

Tout. 

InK>l. 

in 
HtSO*. 

Totnl. 

Inaol. 

in 
HfSO*. 

Silicic  acid    - 

54-99 

19.07 

76.12 

52.04 

5942 

26.67 

66.76 

37.12 

Alumina  - 

27.91 

1.36 

14.51 

1.30 

27.12 

1.03 

20.94 

0.58 

Ferric  oxide  - 

2.54 

1.83 

1.77 

1.92 

Calcinm  oxide  - 

0.05 

0.00 

0.00 

0.00 

Magnesium  oxide  - 

0.83 

0.66 

0.52 

0.81 

Potash      - 

3.67 

0.15 

1.83 

0.14 

1.50 

0.09 

4.64 

0.27 

Water    .        -        -        - 

9.87 

4.94 

9.85 

4.43 

If  we  calculate  the  quartz,  the  other  undecomposed  mineral 
fragments  and  the  composition  of  the  real  clay  substance  from 
the  contents  of  alumina  according  to  the  principles  laid  down 
above,  we  obtain  the  following  composition  of  the  clays : 


4.  GreppinN:lay. 

5.  I^iegnita  clay. 

6.  Kottiken  clay. 

7.  I^edezday. 

Per  cent. 

Percent. 

Percent 

Percent 

Quartz     - 

14.30 

47.48 

23.06 

35.08 

Feldspar  and  other 

minerals  - 

6.28 

6.00 

4.73 

2.89 

Clay  substance 

79.42 

46.52 

72.21 

62.03 

100.00 

100.00 

100.00 

100.00 

The  clay  substance 

Oxygen. 

Oxygen. 

contains : 

Oxygen. 

Silicic  acid  - 

35.92 

19.16 

24.08 

12.84 

32.75 

17.45 

29.64 

15.81 

Alumina  - 

26.55 

12.42 

13.20       6.18 

27.12 

12.71 

20.94 

9.80 

Feme  oxide 

2.54 

0.76 

1.83       0.55 

1.77 

0.53 

1.92 

0.58 

Calcium  oxide  - 

0.05 

O.OI 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Magnesium  oxide 

0.83 

0.33 

0.66 

0.26 

0.52 

0.21 

0.81 

0.32 

Potash 

3.52 

0.60 

1.69 

0.29 

I.41 

0.26 

4.47 

0.76 

Water       - 

9.87 

8.76 

4.94 

4.39 

9.85 

8.76 

4.43 

3.85 
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According  to  this  the  chemical  formulas  of  the  days  would 


be: 


SiUdcftdd. 

Water. 

4.  Clay  from  Greppin 

2.17 

I 

2.19 

5.  day  from  l,iegmtz 

-     2.49 

I 

1.92 

6.  Clay  from  Kottiken 

2.14 

I 

2.25 

7.  Clay  from  Ledez 

-     2.28 

I 

1.44 

l«  «f 

14  tl 


For  the  estimation  of  the  refractoriness  of  the  day  sub- 
stances the  following  numbers  are  obtained  from  the  above 
analyses : 

To  one  equivalent  of  flux  there  are  in 

4.  Clay  from  Greppin  4.66  equiv.  Al.O,,  and  10.19  equiv.  SiO,. 

5.  Clay  from  Liegnitz  -    4.70      "  **        *•  12.67        *•        •* 

6.  Clay  from  Kottiken  -        8.68      **  ''        **  18.64 

7.  Clay  from  Ledez     -        -    3.20      **  •'        •*  7.32 

In  these  clays,  as  compared  with  the  kaolins,  we  notice  (i) 
a  higher  content  of  silicic  acid  in  the  real  clay  substance  rising 
to  2.5  equivalents  to  i  equivalent  of  alumina;  (2)  the  contents  of 
fluxes  expressed  by  the  analysis  of  the  whole  belongs  for  the 
most  part  to  the  clay  substance  itself  and  the  contents  of  un- 
decomposed  rock  fragments  is  very  slight  as  compared  with  the 
chief  constituents :  quartz  and  clay  substance, — a  composition 
which  distinguishes  these  clays  essentially,  both  from  kaolin 
and  from  the  real  brick  clays  of  which  a  series  of  analyses  will 
be  given  below. 

Ill 

Brick  Clays 

8.  Clay  from  Rathenow,  washed. 

9.  Clinker  clay  from  Bockhom. 

10.  Clinker  clay  from  Schwarzehuette. 

11.  Clinker  clay  from  Christiania. 

The  chemical  analysis  and  the  breaking  up  with  sulphuric 
acid  gave  in  the  case  of  these  clays  the  following  results : 
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t 

9 

10 

II 

Contents. 

ToUl. 

Insoluble 

in 

HtSO*. 

ToUL 

Insoluble 

in 

Ht804. 

ToUl. 

Insoluble 

in 
HtSO*. 

TotaL 

Insoluble 

in 

HiSO*. 

Silicic  add 
Alumina   .     . 
Oxide  of  Iron 
Calcium  oxide 

61.30 
18.87 

6.66 
0.85 

35.94 
[  2.50 

70.22 

13.67 
6.80 

0.00 

53.95 
\  2.82 

77.44 
9.82 

5.34 
0.00 

63.71 

■3.78 

61.96 

17.56 

6.17 

FcS  .97 

39.95 
6.16 

4 

Magnesium  1 
oxide         ^ 

Potash  and  1 
Soda          ^ 

1.20 
3.30 

0.20 

1.23 

1.30 
3.37 

1.35 

4 

1.36 
3.87 

2.32 

1 

2.64 
7.18 

4.68 

Water  .     .     . 

8  29 

39.32 

5.30 

2.48 

70.01 

3.61 

100.47 

100.66 

58.12 

100.31 

100.21 

50.79 

If  we  calculate  from  these  results  the  essential  mineral  con- 
stituents we  find : 


8 

9 

10 

II 

Quartz 

27.17 

44.06 

50.64 

18.33 

Feldspar  andother 

« 

mineral  frag- 

ments  - 

12.70 

14.06 

19.37 

32.64 

Clay  substance    . 

64.13 
100.00 

41.88 

29.99 
100.00 

49.03 

100.00 

100.00 

The  clmy  substance 
contains: 

Ozjrgen. 

OKycen. 

Silicic  acid 

25.36 

13.52 

16.27 

8.67 

13.73 

7.32 

22.01 

11.74 

Alumina 

16.37 

7.66 

11.85 

5.55 

6.04 

2.83 

11.40 

5.34 

Ferric  oxide 

6.66 

2.00 

6.80 

2.04 

5.34 

1.60 

6.17 

1.85 

Calcium  oxide     - 

0.85 

0.24 

0.00 

0.00 

0.00 

Magnesium  oxide 

I.OO 

0.40 

1.30 

0.52 

1.36 

0.54 

2.64 

1.06 

Potash  and  soda  - 

2.07 

0.35 

2.02 

0.34 

1.55 

0.26 

2.50 

0.43 

Water       - 

8.29 

7.36 

5.30 

4.71 

2.48 

2.20 

3.61       3.21 

For  the  clay  substance  there  is  found  from  this  the  follow- 
ing equivalent  proportion  between : 
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Silicic 
add. 

Alumiiui 
(iron  oxide) 

Water 

(alkalies.) 

2.09 

I 

2.57 

1.71 

:         I 

2.19 

2.47 

I 

2.08 

2.45 

I 

1.65 

It        «t  11       <<        << 
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Clay  from  Rathenow 
Clay  frc^  Bockhom     • 
Clay  from  Osterode  - 
Clay  from  Christiania  - 

and  the  relation  of  the  flux  to  silicic  acid  and  alumina  is  found 

to  be  I  equivalent  of  flux  in  the  case  of  the 

Clay  from  Rathenow  to  3.22  eqniv.  of  Al.O,,  and  6.85  equiv.  of  SiO,. 

Clay  from  Bockhom  to  2.94 

Clay  from  Osterode     to  1.85 

Clay  from  Christiania  to  1.61 

Even  if  these  determinations,  according  to  the  assumptions 
made,  cannot  strictly  correspond  to  all  the  demands  of  science, 
they  still  give  to  practice  a  very  good  idea  of  the  constitution  of 
days  and  make  the  analjrses  far  more  intelligible  and  applica- 
ble to  practical  use,  than  the  general  analyses  can,  especially 
with  reference  to  the  behavior  of  clays  at  high  temperatures, 
without  seriously  increasing  the  work  of  the  chemist 

We*  owe  to  the  valuable  contributions  of  Bischof  and  Rich- 
ters  our  knowledge  of  the  behavior  of  clays  at  high  tempera- 
tures, and  these  investigators  possess  the  honor  of  having  made 
clear  the  importance  of  the  individual  constituents  occurring  in 
day,  in  their  action  as  fluxes  as  wdl  as  in  their  resistance  to 
melting.  The  numerical  expressions  which  Bischof  gives  for 
the  degree  of  refractoriness  of  clays,  according  to  his  analysis, 
presupposed  that  all  the  parts  indicated  by  the  analysis  take  a 
part  in  the  reaction  occurring  at  the  high  temperatures,  in  the 
amount  indicated.  This,  however,  is  by  far  not  always  the  case 
especially  with  the  silidc  add  present  in  clay  in  the  form  of 
grains  of  quartz,  and  therefore  the  figures  indicating  the  re- 
fractoriness in  many  cases  do  not  give  a  true  expression  of  the 
real  resistance  of  clays  to  high  temperatures.  These  values  are 
least  correct  in  the  case  of  clays  melting  at  a  comparatively  low 
temperature  in  which  the  presupposed  chemical  reactions  are 
very  slight  or  not  present  at  all.  At  a  high  temperature  a  mass 
of  day  does  not  melt  evenly,  but  a  few  constituents  melt  first  and 
act  chemically  on  the  more  difficultly  fusible  particles,  thus  ac- 
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complishing  the  fusion  of  the  whole.  Therefore  it  appears  of  the 
greatest  importance  for  the  estimation  of  refractoriness  to  learn 
to  know  the  greater  or  less  fusibility  of  the  individual  constitu- 
ents to  be  considered  as  chemically  homogeneous,  and  take  into 
consideration  their  relative  fusibility  as  well  as  the  amount  For 
this,  the  method  of  the  chemical  investigation  indicated  above 
seems  far  more  suited  than  the  one  heretofore  practiced,  and  if 
the  rules  set  forth  by  Bischof  are  applied  to  the  essential  con- 
stituents of  clays,  the  scientific  results  and  practical  tests  will 
almost,  if  not  entirely,  agree.  I  reserve  the  privil^;e  of  discuss, 
ing  this  matter  again  when  a  greater  number  of  experiments 
made  in  this  direction  are  at  hand. 


Contribution  to  the  Further  Knowledge  oF  Kaolins 


PaoF.  Cha8.  W.  Mbsloh,  T&amslatok 

In  the  numerous  analyses  which  Forchhammer,  and  later 
Brogniart  and  Malaguti,  have  furnished  of  kaolins,  the  chief  ob- 
ject was  to  shed  light  on  the  origin  of  clay  from  the  feldspar  or 
feldspathic  rocks,  to  find  out  the  chemical  composition  of  kaolin 
clay,  and  trace  the  processes,  through  which  the  kaolin  clay 
could  develop  as  a  final  product  from  the  weathering  of  feld- 
spathic rocks.  The  chemical  means  that  were  employed  had 
the  purpose  of  simply  breaking  up  the  clay,  while  the  other  ma- 
terials contained  in  the  kaolin  had  to  be  looked  upon  as  ballast, 
as  confusing  factors  to  be  kept  out  of  consideration,  as  far  as 
possible  in  the  question  under  discussion. 

A  different  conception  must  appear  when  we  consider 
kaolin  from  the  standpoint  of  the  manufacturer.  Here  those 
fragments  of  rock,  which  accompany  the  kaolin  clay  and  which 
cannot  be  completely  removed  by  a  washing  process,  ever  so 
thorough,  play  a  very  important  r61e,  and  therefore,  need  a  special 
consideration.  In  fact,  we  must  ask  :  Whence  come  the  differ- 
ences of  kaolins  from  various  sources  so  far-reaching  in  practice 
if,  according  to  the  results  of  the  above-mentioned  investigatioti, 
the  essential  part  in  the  kaolins,  namely  the  clay,  has  in  all  or 
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nearly  all  cases  the  same  composition,  as  we  have  seen  in  the  pre- 
vious chapter?  Whence  comes  the  difference  in  the  plasticity, 
in  shrinkage,  in  color,  and  in  fusibility,  etc.?  We  will  come  nearer 
to  the  solution  of  these  questions  if  we  try  to  determine  the  kind 
and  amount  of  those  bodies  which  accompany  the  kaolin  clay 
and  which  enter  into  the  composition  of  the  products  if  the  kao- 
lin is  used  in  manufacture,  and  to  study  these  properties  of 
the  mass  which  are  important  for  manufacturing  purposes.  The 
minerals  accompanying  the  kaolin  clay  are  chiefly  quartz  and 
feldspar  or  feldspathic  minerals.  Since  it  is  hardly  possible  to 
separate  the  feldspar  from  similar  silicates  by  analysis,  we  can 
do  no  more  than  consider  them  collectively  as  simply  feldspar, 
an  assumption  certainly  erroneous,  but  nevertheless  the  most 
practicable. 

If  we  assume  that  besides  kaolin  clay  we  have  to  do  only 
with  quartz  and  feldspar,  then  it  is  possible  to  get  nearer  the 
constitution  of  kaolins  and  to  obtain  valuable  information  con- 
cerning their  behavior  in  manufacturing  processes  and  a  good 
basis  for  the  composition  of  bodies  with  changing  raw  materials. 
With  this  point  in  view  an  additional  number  of  kaolins  in  the 
washed  condition,  as  found  in  the  market  and  used  in  manufactur- 
ing, were  investigated  with  regard  to  their  special  constituents. 

There  are  given  below  three  kaolins  from  the  neighborhood 
of  Pilsen :  Ledez,  Kottiken  and  Tremosna ;  also  the  kaolins  from 
Zettlitz,  Lettin,  Kaschkau,  and  Sennewitz ;  and  finally  the  or- 
dinary porcelain  body  produced  from  the  Sennewitz  kaolin  in 
the  Royal  Porcelain  factory  at  Charlottenburg. 

When  the  bodies  in  question  were  subjected  to  a  chemical 
analysis  they  were  found  to  have  the  following  composition : 


Kottiken 
kaolin. 

ll 

Zettlitx 
kaoUn. 

Lettin 
kaolin. 

Kaackkan 
kaolin. 

Sennewits 
kaolin. 

III 

Silicic  acid  - 
Altmiina  - 
Ferric  oxide 
Magneia  - 
Potash 
Water 

49.19 

36.73 
0.81 

0.18 

1. 18 

12.41 

49.91 

35-99 
0.63 

0.30 

0.75 
12.34 

49.48 

36.34 
0.66 

0.41 

1.60 

11.99 

46.82 

38.49 
1.09 

trace 

1.40 

12.86 

57.08 

29.94 
0.65 
0.49 
2.26 

9.87 

56.72 
31.07 

0.59 
0.22 

0.51 

II. 18 

64.87 

23.83 
0.83 

0.50 

1.39 
8.36 

63.07 
24.67 

0.59 
0.40 

4.25 
7.00 
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These  figures  do  not  give  a  clear  idea  of  the  constitution 
of  those  kaolins  and  the  properties  that  may  be  expected  of  them 
in  manufacture.  Our  idea  is  much  improved  if  we  gain  a  knowl- 
lege  of  the  composition  of  the  real  clay  substance,  that  is,  the 
weathering  product  of  feldspar,  and  at  the  same  time  discover 
the  nature  of  the  unweathered,  dust-like  admixtures  of  the  kaolin. 

The  separation  of  these  constituents  of  kaolin,  differing  in 
their  properties,  took  place  in  the  way  of  the  rational  analysis,  by 
breaking  up  the  clay  with  concentrated  sulphuric  acid  as  de- 
scribed in  the  previous  chapter.  In  this  way  we  succeeded  in  sep- 
arating the  clay  substance  from  the  mineral  fragments ;  we  de- 
termined the  silicic  acid  contained  in  the  latter  as  well  as  the 
aluminum  oxide  or  the  sum  of  the  alumina  and  ferric  oxide. 

The  following  little  table  gives  the  amounts  of  the  un- 
weathered mineral  fragments,  as  well  as  their  composition,  in 
the  kaolins  mentioned  above : 


II 

SI 

Kotiiken 
kaolin. 

k 

|| 

la 

h 
II 

III 

Total    amount  of 

mineral    frag- 

ments 

11.74 

12.59 

9.71 

3-45 

25-91 

21.49 

36.22 

45.08 

Silicic  acid 

9.05 

10.65 

7.91 

3.04 

23.28 

21.29 

35.98 

38.09 

Alumina 

1.70 

1. 21 

1.09 

0.21 

1.73 

O.II 

0.14 

4.15 

Alkalies  (by  dif- 

ference) 

0.99 

0.73 

0.71 

0.20 

0.90 

0.09 

0.10 

2.84 

If  we  suppose  (as  previously  discussed)  that  only  quartz  and 
feldspar  are  contained  in  the  sandy  residue,  it  is  admissible  to 
calculate  the  amount  of  feldspar  from  the  content  of  alumina 
with  the  aid  of  the  chemical  formula.  If  now  the  amount  of 
feldspar  is  subtracted  from  the  total  residue,  the  remainder  gives 
the  amount  of  quartz  in  the  kaolin.  We  thus  get  in  per 
cents  the  amount  of  quartz,  feldspar,  and  real  clay  substance 
found  in  kaolin,  but  the  composition  of  the  clay  may  also  be 
calculated  without  difficulty  with  the  aid  of  the  above  analyses 
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and  the  amount  of  silicic  acid  and  alumina  found  in  the  sandy 
residue.  The  following  tables  give  us,  on  the  one  hand,  the 
amount  of  clay,  quartz  and  feldspar  in  the  kaolins  and,  on  the 
other  hand,  the  composition  of  the  clay  substance  contained  in 
them,  in  per  cent,  as  they  were  found  in  the  manner  just  dis- 
cussed: 


Per  cent  Per  cent  Per  cent  Per  cent  Per  cent  Per  cent  Per  cent  Per  cent 


Clay  substance 

Quartz 

Feldspar 


SI 


88.26 
3.08 

8.66 


1" 


87.41 
6.40 

6.19 


i 


1 


90.29 
4.08 

5.63 


96.55 
2.30 

1. 15 


74.09 

17.21 

8.70 


78.51 
20.90 

0.59 


Ed 


63.77 

35.50 

0.73 


11 


54.92 
23.52 
21.56 


Composition  of  the  clay  substance  of  the  kaolins  investigated : 


Silicic  acid 

4536 

44.76 

45.98 

45.36 

4563 

45.00 

45.30 

45.46 

Alumina 

39.58 

39.65 

39.36 

39.71 

38.08 

39.32 

37.15 

37.35 

Feme  oxide     - 

0.92 

0.72 

0.73 

1. 13 

0.88 

0.75 

1.29 

1.07 

Magnesia     - 

0.20 

0.34 

0.45 

0.66 

0.28 

0.78 

0.73 

Potash 

0.21 

0.02 

0.99 

1.24 

1.84 

0.53 

2.02 

2.57 

Water  - 

14.02 

14.07 

13.28 

13.32 

13.32 

14.20 

13. 1 1 

12.74 

Prom  this  analysis  and  the  figures  obtained  in  the  complete 
analysis  we  get  a  very  clear  conception  of  the  composition  of  the 
kaolins ;  and  on  glancing  at  the  last  table  we  plainly  see  that  the 
main  portion,  which  gives  its  character  to  the  whole,  shows  al- 
most the  same  composition  for  all  the  varieties. 

If  we  consider  more  carefully  the  analyses  given  we  will  see 
at  once  that  the  difference  of  the  various  kinds  of  kaolin  does 
not  really  lie  in  the  composition  of  the  clay  substance  contained 
in  them.  This  had  also  been  determined  by  the  investigations 
of  Porchhammer,  Brogniart,  and  Malaguti. 

If  in  spite  of  this  agreement  in  the  chemical  composition  of 
a  clay  substance  we  notice  very  considerable  differences  in  the 
properties,  when  a  practical  test  is  made  of  them,  the  cause  for 
this  is  certainly  to  be  found  in  the  kind  and  amount  of  the  un- 
decomposed  mineral  fragments  that  are  contained  in  them.  And 
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in  this  regard,  as  is  seen  from  the  tables,  very  considerable  dif- 
ferences exist.  It  is  seen  that  in  the  case  of  the  kaolins  investi- 
gated (the  porcelain  body  is  here  not  considered)  the  content 
varies  in  the  case  of  the  clay  substance  from  63.77  per  cent  up 
to  96.55  per  cent ;  quartz  from  2.30  per  cent  up  to  35.50  per 
cent;  feldspar  from  0.59  per  cent  up  to  8.70  per  cent 

These  differences  in  the  contents  of  those  bodies  must  bring 
about  essential  technical  differences  in  the  behavior  of  the  ma- 
terials. In  the  Royal  Porcelain  factory,  at  Berlin,  the  kaolin 
from  Sennewitz  is  used  for  ordinary  porcelain  bodies.  In  taking 
this  kaolin  as  the  basis  a  definite  composition  of  the  body  is  ar- 
rived at,  in  practice,  which  corresponds  to  the  demands  of  tech- 
nology in  its  manipulation  in  the  unbumed  condition  as  well  as 
for  its  behavior  in  the  kiln.  In  the  same  factory  kaolin  from 
Lettin  is  also  used  for  some  purposes.  If  now  instead  of  the 
kaolin  from  Sennewitz  one  wished  to  introduce  the  kaolin  from 
Lettin  empirically  into  the  porcelain  body  ordinarily  employed, 
and  count  on  an  analogous  behavior  of  the  mass,  he  would  cer- 
tainly be  disappointed,  as  may  be  seen  at  once  from  the  result 
of  the  analysis : 

KAolin  from  Scnnewits.  KboIIii  from  X«ettiii. 

Clay  substance     -  -  63.77  7409 

Quartz  -  -  -      35.50  17.21 

Feldspar   -  -  -  0.73  8.70' 

In  the  Royal  Porcelain  factory,  as  I  learn  from  the  kind 
communications  of  Dr.  Samow,  the  porcelain  body  is  composed 
of  200  parts  of  kaolin  from  Sennewitz  and  60  parts  of  feldspar. 
Taking  as  a  basis  the  analyses  of  the  kaolin  from  Sennewitz  we 
get  the  following  composition  of  the  porcelain  body : 

Per  cent. 

day  substance  ...  49.50 

Quartz  ....       27.31 

Feldspar'     ...  -  23.64 


*  There  were  found :  Per  cent 

Clay  snbstance  ....  54.93 

Quartz    ......       33.5a 

Feldspar        .....  21.56 

These  not  very  important  deviations  between  the  calculated  and  actual  figures 
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If  now  instead  of  the  kaolin  from  Sennewitz  we  should  in- 
troduce the  kaolin  from  Lettin  into  the  body,  according  to  the 
same  receipt,  the  following  figures  would  indicate  the  compo- 
sition of  the  latter  according  to  the  analysis : 

Per  cent 

Clay  substance  -  .  -  56.99 

Quartz  -  -  -  .       13.24 

Feldspar       -  -  -  -  ^9-77 

Such  a  body,  we  see,  would  be  richer  in  clay  and  feldspar 
and  considerably  poorer  in  quartz.  Prom  this  there  would  cer- 
tainly result  a  greater  plasticity  in  manipulation,  but  also 
greater  shrinkage  and  greater  fusibility  on  burning.  This  result, 
deduced  from  the  analysis,  agrees  with  the  statements  of  Dr. 
Samow. 

Not  long  ago  it  was  debated  whether  the  addition  of  quartz 
to  the  porcelain  body  is  justifiable.  Mr.  Buenzli,  of  Bichwald, 
in  a  series  of  interesting  articles,  tried  to  prove,  on  the  basis  of 
experiments  and  observations,  not  only  the  justification,  but 
even  the  necessity  of  such  an  addition  in  moderate  amounts  for 
the  Bohemian  porcelain  which  is  made  from  the  kaolin  from 
Zettlitz.  Our  analyses  confirm  his  statements  to  a  striking  de- 
gree. Buenzli  says  concerning  the  Zettlitz  kaolin  that  it  pos- 
sesses considerable  plasticity,  and  therefore  would  endure  con- 
siderable shortening,  but  that  it  contracts  and  warps  very  much 
in  firing.  The  figures,  which  we  have  found  for  the  Zettlitz 
kaolin. 

Per  cent. 

Clay  substance  ...  96.56 

Quartz  .  .  -  .         2.30 

Feldspar       .  -  -  -  1.15 

give  a  precise  expression  to  these  qualities.     One  can  read  those 
properties  from  them  without  ever  having  made  a  practical  ex- 


of  the  composition  of  the  mass  may  be  explained  from  the  somewhat  inaccnrate 

weighing  on  a  laxge  scale  and  the  flnctoations  in  the  hygroscopic  water  or  perhaps 

I  also  from  the  somewhat  flnctnating  constitution  of  the  kaolin  of  Sennewitz,  since 

the  kaolin  formerly  employed  for  the  body  does  not  necessarily  correspond  to  those 
specimens  that  were  recently  taken  for  investigation. 
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periment  with  the  Zettlitz  kaolin.  Buenzli  further  remarks  that 
if  only  feldspar  to  the  amount  of  50  or  75  per  cent  be  added  to 
the  kaolin,  we  would  obtain  medium  to  very  fusible  spar  masses, 
of  dry  biscuit  surfaces,  having  a  yellowish  appearance  ;  at  the 
same  time,  however,  the  disagreeable  qualities  of  warping,  etc., 
would  make  themselves  very  much  felt  But  if  now  just  as  much 
quartz  be  added  as  there  is  feldspar  in  the  mass  the  latter  would 
be  more  stable  in  the  fire,  less  dry  in  the  biscuit  surfaces,  of  a 
bluish  white  color  and  more  translucent.  Only  when  the  spar 
acts  on  quartz  and  clay  at  a  high  temperature  would  transpar- 
ency and  glassy  fracture  appear  and  a  real  porcelain  be  formed. 
Spar  bodies  free  from  quartz  give  a  drier  biscuit  than  those  con- 
taining quartz.  Buenzli  proves  the  importance  of  quartz  for  the 
spar  body  by  direct  experiment,  by  showing  among  other  things 
that  a  rubbing  on  of  quartz  on  the  surface  of  unbumed  porce- 
lain figures  can  serve  for  the  production  of  matte,  glossy  bis- 
cuit figures.  The  cause  of  these  phenomena  is  found  in  the  fact 
that  in  the  porcelain  fire,  feldspar  possesses  basic  properties,  and 
shows  a  supersaturation  with  alkali  at  this  temperature.  If  no 
quartz  is  present  in  the  body,  the  alkali  of  the  spar  acts  on  the 
clay,  producing  no  vitreous  mass  nor  luster,  but  a  product  re- 
sembling white  ware.  However,  if  quartz  is  present,  it  acts  on 
the  alkali,  and  the  vitreous  appearance  characteristic  of  porce- 
lain, arises.  These  remarks  Buenzli  proves  in  part  by  direct 
experiments.  If  this  is  accepted  as  true,  the  analysis  of  the  Zett- 
litz kaolin  shows  the  plain  necessity  of  the  addition  of  quartz, 
since  in  the  natural  condition  it  contains  only  2.30  per  cent  of 
it,  while,  for  example,  the  Sennewitz  kaolin  furnishes  35.50 
per  cent. 

From  these  few  remarks  we  may  learn  what  welcome,  im- 
portant information  the  rational  analysis,  made  from  a  manufac- 
turing point  of  view,  can  give  for  the  knowledge  of  the  kaolins 
and  the  composition  of  bodies  made  from  them.  It  gives  a 
means  of  avoiding  the  uncertain  empirical  groping  and  a  large 
number  of  mistakes  in  practical  experiments,  as  well  as  disturb- 
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ances  in  the  manufacture,  that  are  produced  by  a  change  in  the 
raw  material. 

Finally,  for  the  sake  of  inciting  others,  I  should  like  to 
mention  a  point  which  does  not  yet  seem  sufficiently  clear ;  I 
mean  the  cause  of  the  more  or  less  strong  yellow  coloration  of 
spar  bodies.  The  differences  in  the  content  of  iron  determined 
by  analysis  do  not  seem  to  offer  any  explanation  for  these  phe* 
nomena.  The  Zettlitz  kaolin,  for  instance,  shows  the  greatest 
proportion  of  iron,  1.09  per  cent,  and  yet  it  produces  beautiful 
white  porcelain.  A  hint  is  given  by  the  remark  of  Buenzli,  that 
a  spar  body  from  this  kaolin  with  50  to  75  per  cent  of  feldspar 
furnishes  a  yellow  biscuit ;  also  that  the  same  body  with  the 
addition  of  just  as  much  quartz  as  feldspar  furnishes  a  bis- 
cuit of  bluish  white  appearance.  It  would  be  important  to  hear 
the  experience  of  practical  men  in  this  respect. 


Notes  on  the  Constitution  of  Plastic  Clays 


PROFBSSOK  CHAS.  W.  MB8XX>H,  TkANSLATOR 

In  the  investigation  concerning  the  constitution  of  kaolins 
we  have  learned  to  know  them  as  mixtures  of  three  different 
substances,  well  definable  chemically  ;  namely,  quartz  powder, 
unweathered  feldspathic  remains  or  residues  of  rocks  similar 
to  feldspar,  and  the  real,  pure  clay  substance  silicate  of  alu- 
minum, containing  water.  Only  such  kaolins  are,  of  course,  in- 
cluded here  that  have  been  freed  by  washing  from  all  coarse 
admixtures,  and  are,  therefore,  in  that  condition  of  purity  in 
which  they  may  serve  as  a  material  for  the  production  of  the 
body  for  finer  clay  wares,  especially  for  porcelain.  This  separa- 
tion into  three  constituents,  which  is  generally  possible,  and  of 
which  clay  substance,  always  of  the  same  composition,  is  by  far 
the  most  predominant,  is  important  for  the  reason  that  the  same 
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substances  which  appear  as  the  companions  of  clay  substance 
must  be  artificially  added  to  it  in  the  production  of  bodies.  Prom 
the  constitution  of  kaolin  (namely,  its  greater  or  less  content  of 
quartz  and  feldspar)  the  change  in  its  properties  may  be  ex- 
plained, and  it  is  clear,  therefore,  that  for  the  composition  of 
bodies  we  must  constantly  regard  the  amounts  of  quartz  and 
feldspar  naturally  contained  in  the  kaolin  material. 

What  holds  good  for  the  constitution  of  the  kaolins  may 
likewise  be  taken  as  true  in  the  case  of  the  other  clays, 
except  that  with  these,  in  consequence  of  the  washing  process 
that  always  preceded  the  deposition,  many  impurities  have 
gotten  into  it  whose  nature  is  often  very  hard  to  determine  on 
account  of  the  very  close  incorporation. 

Above  all,  if  a  similar  constitution  of  kaolins  and  plastic 
clays  is  assumed,  there  remains  to  be  determined,  what  difference 
there  is  in  the  clay  substance,  so  different  in  its  properties  in  the 
kaolins  and  plastic  clays,  and  whether  this  physical  difference 
can  be  explained  chemically.  The  clay  substance  of  the  kao- 
lins differs  very  much  in  its  properties  from  that  of  the  real  plas- 
tic clays.  That  of  the  former  is  short  and  from  a  plastic  dough 
dries  out  to  a  loose,  dusty  mass,  while  that  of  the  latter  contracts 
more  in  drying  to  a  dense,  hard,  homy,  brittle  substance.  These 
differences  are  of  great  influence  on  the  use  that  is  made  of  it 
and  the  necessary  manipulations. 

In  order  to  solve  this  question,  of  course,  only  such  clays 
could  be  used  which  can  be  compared  with  the  kaolins  with  refer- 
ence to  their  purity  and  their  freedom  from  chance  admixtures; 
and  since  the  use  in  manufacture  gives  a  good  hint  in  this  regard 
only  such  clays  were  compared  that  serve  as  raw  materials  for 
the  manufacture  of  white  ware  and  stoneware. 

The  following  analyses  were  in  part  prepared  in  the  tech- 
nical chemical  laboratory  for  the  clay  industry,  and  in  part  were 
made  specially  for  this  investigation. 

The  analyses  refer  to  the  following  clays : 

I.  A  lean  white  clay  for  stoneware,  of  French  origin, 
source  not  mentioned. 
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II.  Unctuous  clay  of  the  same  source. 
III.  ^ 

rV.  I  White-ware  clays  which  are  used  in  a  large  Ger- 
V.   I      man  factory,  source  not  indicated. 
VI.  J 

VII.  White  clay  from  Ebemhahn  near  Coblenz. 
VIIL  White  clay  from  Baumbach  near  Coblenz. 
IX.  White  clay  from  Bendorf  near  Coblenz. 
X.  White  clay  from  Laemmersbach  near  Coblenz. 
XI.  White  day  from  Hoehr  near  Coblenz. 
XII.  Yellow  clay,  burning  red,  from  Moschheim  near  Cob- 
lenz. 
The  clays  mentioned  under  VII  to  XII  are  the  ones  chiefly 
used  in  Nassau. 

The  chemical  analysis  of  these  clays  gave  the  following 
figures  in  which  it  must  be  noted  that  the  alkalies  are  not  sep- 
arated, but  always  calculated  as  potash ;  the  decomposition  of 
the  clay  substance  or  its  separation  from  quartz  and  feldspathic 
remains,  was  accomplished  by  heating  with  strong  sulphuric 
add: 
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The  striking  absence  of  lime  in  nearly  all  the  clays  investi- 
gated allows  US  to  infer,  with  some  degree  of  probability,  that  we 
have  to  do  here  with  pure  weathering  products  of  clay-forming 
rocks  without  noteworthy  foreign  admixtures.  If  now  as  in 
former  analyses  we  consider  the  alumina  contained  in  the  part 
not  decomposed  by  sulphuric  acid,  as  belonging  to  the  undecom- 
posed  feldspathic  remains,  and  subtract  from  the  silicic  acid  the 
part  which  corresponds  to  the  content  of  alumina  as  being  the 
silicic  acid  of  the  feldspar  (3.51  per  cent  of  silicic  acid  to  i  per 
cent  of  alumina),  the  rest  remains  as  the  quartz  content  of  the 
clay.  Prom  these  calculations  the  clays  showed  themselves  as 
mixtures  of : 


I. 

II. 

III. 

IV. 

V. 

VI. 

Clay  substance     - 

44.63 

71.54 

68.82 

61.48 

67.80 

79.47 

Quartz 

52.77 

25.97 

29.06 

37.48 

30.41 

18.92 

Feldspathic   re- 1 
mains        -      j 

2.60 

2.49 

2.12 

1.04 

1.89 

I.6I 

J 

VII. 

VIII. 

IX. 

X. 

XI. 

xn. 

Clay  substance     - 

71.22 

76.30 

39-71 

66.23 

54.73 

78.07 

Quartz 

24.03 

22.40 

57.15 

31.42 

41.77 

19.75 

Feldspathic    re- 1 
mains        -      j 

4.75 

1.30 

3.14 

2.35 

3.50 

2.18 

We  see  from  these  figures  that  all  the  clays  possess  only 
small  amounts  of  undecomposed  feldspathic  mineral  fragments, 
and  that  they  show  themselves  essentially  as  mixtures  of  clay 
substance  and  quartz  powder. 

This  calculation  of  the  analyses  allows  us  to  investigate  the 
materials  from  a  uniform  standpoint  and  explains  the  differences 
of  the  properties  by  fluctuations  in  the  amount  of  admixed  quartz 
powder  and  the  degree  of  its  distribution ;  we  obtain  a  better 
conception  of  the  peculiarities  of  the  clays  if  we  calculate  the 
composition  of  the  clay  substance  from  the  results  of  the  analy- 
ses by  subtracting  from  these  figures  the  amounts  of  silicic  acid. 
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alumina,  and  potash  corresponding  to  the  quartz  and  feldspar 
contents  and  dividing  the  rest  into  lOO  parts. 

From  these  calculations  we  obtain  the  following  figures 
as  the  percentage  composition  of  the  clay  substance  or  rather  of 
that  part  of  the  clay  decomposed  by  sulphuric  acid : 


I. 

II. 

III. 

IV. 

V. 

VI. 

Silicic  acid   - 

4599 

45.75 

45.67 

44.27 

46.16 

46.52 

Alumina  - 

38.08 

35.77 

37.42 

35.58 

36.17 

38.55 

Iron  oxide    - 

2.44 

2.94 

1.44 

1. 15 

1.55 

1. 01 

Calcium  oxide  - 

trace 

Magnesia 

1. 19 

0.78 

0.57 

0.60 

0.48 

0.34 

Potash 

2.36 

1.24 

0.39 

0.45 

0.97 

0.56 

Loss  on  heating  - 

10.76 

13.70 

14.41 

16.67 

15.93 

14.32 

Vll. 

VIII. 

IX, 

X. 

XI. 

XII. 

Silicic  acid   - 

46.62 

47.44 

47.44 

47.39 

47.45 

42.06 

Alumina  - 

36.01 

37.21 

35.74 

36.40 

37.88 

28.06 

Iron  oxide    - 

1.39 

1.68 

1.94 

1.52 

I.^I 

14.62 

Calcium  oxide  - 

trace 

trace 

trace 

Magnesia 

0.73 

0.79 

0.88 

0.51 

0.71 

1.62 

Potash      - 

3-47 

4.22 

3.85 

3.96 

4.08 

4.02 

Loss  on  heating   - 

10.19 

9.69 

9.52 

9.92 

9.00 

9.03 

What  is  especially  surprising  in  these  figures  is  their  very 
close  agreement,  which  shows  that  the  assumptions  made  are 
correct,  and  that  the  clays  which  in  part  come  from  places  far 
distant  from  one  another,  nevertheless  have  almost  the  same  com- 
position in  their  clay  substance. 

We  find  an  exception  only  in  the  very  ferruginous  clay  of 
Moschheim,  which,  however,  is  easily  explained ;  apparently  we 
have  to  deal  here  with  a  clay  which,  as  a  high  content  of  oxide  of 
iron  shows,  does  not  owe  its  origin  to  a  clay-forming  rock,  but 
to  ferruginous  minerals,  or  to  a  rock  in  which  a  deposition  of 
hydrate  of  iron  has  taken  place  by  the  subsequent  infiltration  of 
ferruginous  waters. 

These   results  give  interesting  information   also   in   an- 
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other  respect  Essential  differences  in  them  are  found  only 
in  the  content  of  alkalies  and  water.  On  comparing  figures  we 
find  that  those  clay  substances  which  show  a  high  proportion  of 
alkali  show  a  small  proportion  of  water,  while  those  in  which 
the  content  of  alkali  almost  completely  vanishes,  show  a  much 
larger  proportion  of  water ;  hence  we  might  be  justified  in  con- 
cluding that  these  can  mutually  displace  each  other. 

A  high  proportion  of  alkali  causes  the  clays  to  become  dense 
more  readily  by  vitrification ;  the  content  of  water  brings  about 
greater  porosity  after  burning  and  increases  greatly  the  diffi- 
culty of  vitrification  already  great  on  account  of  the  small 
proportion  of  alkali ;  and  in  fact  the  experiments  made  show 
that  the  clays  III  to  VI,  poor  in  alkali,  are  to  be  counted 
with  the  refractory  ones,  while  the  clays  VII  to  XII  possess  only 
a  slight  degree  of  refractoriness.  Furthermore,  it  is  worthy  of 
note  that  the  composition  of  the  clay  substance  in  the  clays  VII 
to  XI,  which  come  from  sources  lying  close  together,  show  a  sur- 
prising constancy,  and  the  differences  in  their  composition  are 
to  be  sought  solely  in  the  greater  or  less  content  of  finely  divided 
quartz. 

If  in  conclusion  we  compare  the  composition  of  the  clay 
substance  of  the  investigated  plastic  clays  with  that  of  kaolin 
which  was  given  in  the  previous  essay,  we  find  also  in  this  a 
wonderful  agreement 

If  from  the  analyses  given  in  the  previous  chapter  we  cal- 
culate the  average  of  the  composition  of  the  clay  substance  of 
the  seven  kaolins,  we  get  the  following  figures : 

Per  cent 

Silicic  acid  -  -  -  -  45-34 

Alnmina  -  -  -  -       38.98 

Iron  oxide   -  -  -  -  0.92 

Calcium  oxide  -  -  -  -        

Magnesia     -  -  -  -  0.52 

Potash-  ...  -         0.98 

Water  -  -  .  -  13.62 

The  above  figures  show  such  a  great  family  resemblance  to 
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others  given  in  this  cliapter  that,  aside  from  the  greater  proportion 
of  alkali  found  in  the  plastic  clays,  which,  moreover,  is  also  sub- 
ject to  fluctuations  in  the  kaolin,  we  cannot  find  an  essential 
chemical  difEerence,  and  it  is  clear  that  as  with  the  kaolins  so 
also  with  the  purer  plastic  clays  the  differences  in  their  behavior 
in  firing  are  to  be  looked  for  in  the  fluctuations  in  the  amount 
of  alkali  and  water  contained  in  the  clay  substance. 

Concerning  the  very  prominent  differences  in  the  degree  of 
plasticity,  which  in  the  case  of  the  kaolins  is  reduced  to 
a  minimum,  even  with  those  having  a  much  higher  con- 
tent of  pure  aluminum  silicate,  the  chemical  composition 
gives  us  no  explanation.  The  degree  of  plasticity,  therefore, 
does  not  seem  peculiar  to  a  definite  chemical  combination ;  but 
seems  to  vary  according  to  the  degree  of  mechanical  division  and 
the  kind  of  the  molecular  arrangement  in  substances  having  the 
same  chemical  composition.  It  is  perhaps  to  be  explained  from 
the  structure  of  the  rocks  to  which  clay  owes  its  origin. 

These  investigations  now  show,  in  the  most  decisive  man- 
ner, that  it  is  not  sufficient  to  know  the  composition  of  the 
clay  as  a  whole  in  order  to  make  conclusions  in  regard  to  its 
properties  and  deduce  its  usefulness  for  certain  technical  pur- 
poses, but  that  we  must  go  back  to  the  mineralogically  different 
parts,  and  especially  to  the  composition  of  the  part  most  promi- 
nent quantitatively — ^theclay  substance — which  gives  to  the  ma- 
terial its  character  in  most  cases. 


The  Orsat  Apparatus 
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It  is  known  that  a  certain  volume  of  air  is  necessary  for  the 
advantageous  combustion  of  a  fuel  and  that  if  this  is  not  main- 
tained the  combustion  will  not  take  place  economically,  or  as  is 
often  the  case  in  the  operations  of  the  clay  industries,  the  prod- 
ucts of  combustion  will  have  an  injurious  effect  on  the  wares. 
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The  chemical  process  which  we  call  combustion  and  which  we 
use  to  develop  the  higher  temperatures  for  our  purposes,  is 
brought  about  by  putting  compounds  rich  in  carbon,  of  a  vege- 
table or  mineral  origin  (wood,  peat,  lignite,  bituminous  coal, 
anthracite,  etc.),  into  a  condition  in  which  their  constituents,  essen- 
tially their  carbon  and  hydrogen,  enter  into  a  chemical  reaction 
with  the  atmospheric  oxygen.  The  atmospheric  air  consists  in 
round  numbers  of  79  parts  by  volume  of  nitrogen,  and  21  parts 
by  volume  of  oxygen,  of  which  the  former,  however,  takes  no 
part  in  the  combustion,  but  rather  helps  to  lessen  the  heat  efiFect 
produced  by  the  combustion,  because  it  is  carried  off  through 
the  chimney,  for  the  most  part,  heated  to  a  high  degree,  together 
with  the  products  of  combustion.  The  greatest  amount  of  heat 
is  developed  when  the  oxygen  just  suffices  to  bum  the  carbon  of 
the  fuel  to  carbonic  acid  and  its  hydrogen  to  water,  when  the 
relation  of  the  fuel  to  the  air  is  such  that  to  six  parts  by  weight 
of  the  carbon  of  the  former  there  are  supplied  16  parts  by  weight 
of  oxygen  and  to  one  part  by  weight  of  hydrogen  there  are  sup- 
plied eight  parts  by  weight  of  oxygen.  If  the  air  is  present  in 
a  greater  proportion  the  surplus  air  supplied  plays  the  same  rdle 
as  the  nitrogen,  that  is,  introduces  losses  of  heat ;  if  a  smaller 
proportion  is  supplied,  combustible  products  (carbon  monoxide, 
hydrogen,  tar  vapors,  soot)  would  escape  with  the  smoke,  caus- 
ing a  direct  loss  of  fuel.  Whether  or  not  the  latter  takes  place 
in  the  combustion,  the  fireman,  in  most  cases,  will  see  from  the 
appearance  of  the  flame,  which  is  then  usually  red  and  lacks 
luster;  the  products  of  combustion  appearing  more  or  less  colored. 
On  the  other  hand,  it  is  more  difficult  to  tell  whether  the  air  is 
supplied  in  excess. 

In  all  rational  furnaces,  we  must  aim  at  making  the  prod- 
ucts of  combustion  consist  only  of  nitrogen,  carbon  dioxide  and 
water  vapor,  and  reduce  the  excess  of  oxygen  as  well  as  the 
carbon  monoxide  to  a  minimum. 

Only  by  chemical  analysis  is  it  possible  to  determine  defi- 
nitely whether  the  air  supplied  by  the  draft  of  the  chimney  or 
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fan,  is  just  sufficient  for  combustion.  Heretofore  this  could  be 
done  only  in  the  chemical  laboratory  and  formed  one  of  the  most 
difficult  problems  for  chemists,  since  it  required  very  subtle  ap- 
paratus and  a  large  number  of  precautionary  measures,  so  that 
the  hand  of  a  skilful  experimenter  was  always  needed.  The 
chemical  analysis  of  fire  gases  has  therefore  been  of  use  in  ex- 
tremely few  cases.  In  most  branches  of  industry  chemistry 
has  created  methods  which  permit  also  the  non-technical  to  make 
investigations  of  raw  materials  and  products  in  a  short  time  and 
to  control  the  course  of  the  industrial  processes.  I  will  mention 
here  only  the  use  of  the  aerometer  for  soluble  substances,  methods 
of  titration  for  the  determination  of  alkalies,  iron,  copper,  lead, 
zinc,  in  the  ores,  the  polarization  apparatus  for  sugar,  and  others ; 
for  the  most  important  process  in  the  whole  field  of  industry 
there  was  heretofore  no  method  by  means  of  which  it  might  be 
examined  by  an  untrained  person. 

We  are  very  fortunate  in  having  an  apparatus  with  the  help 
of  which  we  can  examine  the  fire  gases  in  a  few  minutes  and  regu- 
late the  supply  of  air  according  to  the  result.  The  apparatus 
does  not  need  the  hand  of  the  chemist  for  its  manipulation  but 
may  be  worked  by  any  intelligent  skilful  workman.  It  was 
originated  by  Orsat,  a  Frenchman,  and  described  in  a  pamphlet 
on  the  use  of  gaseous  fuel  for  industrial  purposes  by  the  French 
engineer,  A.  Fichet,  in  Paris.  To  be  sure,  the  apparatus  does 
not  give  the  accurate  results  which  would  be  required  for  scien- 
tific purposes  and  is  limited  to  the  determination  of  the  chief 
constituents  of  the  fire  gases,  carbon  dioxide,  oxygen,  carbon 
monoxide  and  nitrogen,  but  it  possesses  sufficient  accuracy  for 
practical  purposes. 

In  using  the  apparatus  a  certain  amount  of  gas  is  drawn 
from  the  furnace,  gradually  exposed  to  caustic  soda  distributed 
over  a  large  surface,  then  to  sodium  pyrogallate  and  finally 
to  an  ammoniacal  solution  of  cuprous  chloride.  The  first  one 
removes  the  carbon  dioxide,  the  second  the  oxygen,  the  third  is 
a  solvent  for  the  carbon  monoxide,  leaving  only  the  nitrogen. 
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If  100  cc  of  the  fire  gases  are  measured  and  the  decrease 
in  volume  noted,  after  a  treatment  with  the  various  absorbing 
liquids,  the  percentages  of  the  individual  constituents  are  ob- 
tained directly,  without  calculation,  by  the  decrease  in  volume, 
expressed  in  cubic  centimeters.  The  improved  apparatus  is 
constructed  as  follows: 

The  measuring  burette  A,  of  100  cc.  capacity,  is  surrounded 
by  a  large  cylinder  filled  with  water,  in  order  to  protect  the  gas 
from  changes  of  temperature.  The 
lower  45  cc.  are  divided  into  tenths 
of  a  cubic  centimeter,  the  upper  55 
cc.  into  cubic  centimeters.  More 
than  40  pel  cent  of  carbon  diox- 
ide, carbon  monoxide  and  oxygen 
will  hardly  appear  even  in  ablast- 
fumace  gas,  hence  all  determina- 
tions  can  be  carefully  read  to  tenths 
of  a  per  cent  A  thick-walled  cap- 
illary tube,  carrying  the  stop-cock, 
is  firmly  supported  near  the  top  of 
the  frame.  This  capillary  tube 
is  bent  at  the  left  end  and  con- 
nected 'with  a  U  tube  B,  whose 
anns  contain  cotton  while  water 
is  placed  in  the  lower  part  to  keep 
all  soot  and  dust  out  and  to  sat- 1 
urate  the  gas  with  moisture  before 
it  is  measured ;  the  end  of  the  ^^-  •■ 

cock  c,  directed  to  the  rear,  is  connected  by  a  rubber  tube  with 
a  rubber  aspirator,  C,  by  means  of  which  we  can  easily  fill  the 
supply  tube  and  B  with  the  fire  gases  to  be  examined.  The 
absorption  takes  place  in  the  U-shaped  vessels  D,  E,  and  F, 
which  are  connected  by  short  rubber  tubes  with  the  stop-cock 
and  filled  with  glass  tubes  to  increase  the  absorbing  surface. 
The  other  end  of  the  U  tubes  are  closed  with  rubber  stoppers 
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that  contain  the  little  glass  tubes  X ;  the  small  tubes  are  con- 
nected with  rubber  bulbs  to  keep  out  the  atmospheric  oxygen. 

On  using  the  apparatus  the  cylinder  surrounding  the  bu- 
rette A,  as  well  as  the  bottle  L,  is  first  filled  with  distilled 
water.  For  filling  the  three  absorbing  bottles  we  take  off  the 
stoppers  containing  the  glass  tubes  X,  and  the  rubber  bulbs, 
and  pour  into  the  vessel  D  about  lOO  cc.  of  caustic  potash  hav- 
ing a  specific  gravity  of  1.26  to  1.28  so  that  the  vessel  is  a  little 
more  than  half-filled  with  it  Furthermore,  we  dissolve  18  grams 
of  pyrogallic  acid  in  about  4c  grams  of  hot  water,  add  70  cc  of 
caustic  potash,  and  run  the  mixture  into  the  second  vessel  E, 
for  absorbing  oxygen.  To  determine  the  carbon  monoxide  we 
P^^  35  grams  of  cuprous  chloride  with  200  cc.  of  hydrochloric 
acid  and  about  50  grams  of  copper  clippings  into  a  tightly  closed 
bottle,  allow  it  to  stand  a  day  with  frequent  shaking,  and  add 
120  cc.  of  water  in  order  to  fill  the  vessel  F  with  the  solution 
obtained.  The  cock  c  is  placed  in  the  horizontal  position  and 
the  bottle  L  raised  so  that  the  water  will  run  into  the  burette  A. 
The  cock  is  turned  so  that  the  opening  leads  to  the  tube  B 
and  vessel  D  and  then  the  flask  L  is  lowered.  The  pinch-cock 
on  the  tube  S  is  carefully  opened  so  that  the  caustic  pot- 
ash can  rise  to  the  mark  M  whereupon  the  cock  is  closed.  In 
a  similar  way  the  liquids  of  the  other  two  vessels  are  raised  to 
the  mark  M,  while  the  eye  is  constantly  directed  to  the 
rising  liquid  (it  is  best  to  practice  this  operation  first  with  pure 
water).  The  three  stoppers  with  the  glass  tubes  X  are  then 
placed  on  air-tight  Into  the  tubes  B  we  now  put  about  i  cc. 
of  water,  fill  both  arms  with  loose  cotton,  replace  the  stopper 
and  connect  the  second  arm  of  B  by  means  of  a  stopper,  glass 
tube  and  rubber  tube,  with  the  iron  or  porcelain  tube  which  is 
placed  air-tight  into  the  flue  to  prevent  the  entrance  of  atmos- 
pheric air. 

In  order  to  find  out  whether  the  apparatus  is  air-tight,  the 
cock  c  is  placed  in  the  horizontal  position,  the  rubber  tube  at- 
tached to  the  tube  in  the  flue  is  closed  by  means  of  a  pinch-cock 
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or  the  hand,  and  the  pinch-cock  of  the  tube  S  opened.  The  col- 
umn of  water  in  A  sinks  somewhat,  but  must  then  remain  sta- 
tionary, since  a  continued  slow  sinking  would  indicate  a  leak 
somewhere  which  must  first  be  removed  either  by  better  fast- 
ening of  the  rubber  tubes,  deeper  insertion  of  the  corks  or  greas- 
ing the  glass  cocks  with  vaseline. 

After  the  burette  A  has  been  filled  with  water  by  raising 
the  bottle  h  to  the  mark  loo,  the  cock  ^  is  so  placed  that  a 
connection  is  produced  through  the  tube  B,  from  the  aspirator 
C,  with  the  flue.  Now  by  pressing  C  ten  or  fifteen  times  a  suc- 
tion is  produced  which  fills  the  whole  passage  with  the  gas  to 
be  examined.  This  is  done  most  conveniently  by  pressing  the 
aspirator  C,  repeatedly,  ten  to  twenty  times  according  to  the  length 
of  the  connecting  tube.  The  cock  c  is  again  placed  in  the  hori- 
zontal position,  the  pinch-cock  of  S  is  opened,  and  the  bottle  L 
lowered  until  the  burette  A  is  filled  to  the  zero  mark  with  the 
fire  gases  to  be  analyzed,  whereupon  c  is  closed  again  by  a  quar- 
ter of  a  turn  to  the  left  The  gas  is  now  enclosed  between  the 
glass  cocks  and  the  column  of  water  in  A. 

For  the  determination  of  the  carbon  dioxide  the  cock  of  D 
is  opened,  L  raised  with  the  left  hand  so  that  on  opening  the 
pinch-cock  of  S  with  the  right  hand  the  gas  passes  over  into  the 
tube  D  ;  L  is  now  lowered  again  until  the  caustic  potash  in  D 
reaches  the  connection  of  the  tube  below  M,  and  the  gas  is  driven 
once  more  into  the  vessel  containing  the  caustic  potash  by  rais- 
ing L.  By  lowering  the  bottle  L,  and  carefully  opening  the 
pinch-cock  the  caustic  potash  is  made  to  rise  to  the  mark  M. 
The  stop-cock  is  closed,  the  pinch-cock  opened,  the  bottle  L 
held  to  the  side  of  the  burette  so  that  the  water  in  both  vessels 
stands  equally  high;  the  pinch-cock  is  again  closed  and  the 
volume  of  the  gas  remaining  is  noted.  The  position  of  the  water- 
level  gives  directly  the  percentage  of  carbon  dioxide  contained 
in  the  gas  examined.  In  a  similar  way  the  gas  is  made  to  pass 
two  or  three  times  into  the  vessel  £  until  there  is  no  longer  a 
decrease  in  volume ;  the  reading  at  this  point  gives  the  amount 

of  carbon  dioxide  and  oxygen  together,  while  by  a  similar  treat- 
6 
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ment  of  the  gas  in  the  vessel  P,  the  carbon  monoxide  is  also 
absorbed. 

The  gas  which  now  remains  in  A  is  nitrogen.  We  have, 
therefore,  the  amount  of  the  four  gases  that  were  to  be  deter- 
mined. 

When  the  analysis  is  finished  the  cock  c  is  again  placed  in  the 
horizontal  position,  I,  raised,  the  pinch-cock  opened  and  the  water 
made  to  rise  in  the  burette  up  to  lOO  cc;  the  cock  c  is  again  placed 
vertically,  the  connecting  passage  is  filled  with  the  gas  to  be 
examined  and  a  new  sample  taken.  If,  as  usual,  there  is  no  car- 
bon monoxide  present  an  analysis  may  be  made  every  four  or 
five  minutes,  with  a  little  practice,  correct  to  1/5  per  cent.  If 
the  absorption  is  slow  after  100  to  200  analyses  the  vessels  are 
emptied  by  means  of  a  small  siphon,  washed  with  distilled  water 
and  filled  again  with  caustic  potash,  pyrogallate,  and  cuprous 
chloride. 

If  through  carelessness  the  absorbing  liquids  should  rise 
into  the  capillary  tube,  the  bottle  L,  is  raised,  the  pinch-cock 
opened  and  the  solution  washed  back  into  the  vessel  by  means 
of  distilled  water.  If  this  is  not  altogether  successful,  the  rubber 
tube  connecting  with  C,  is  removed,  and  water  made  to  run 
through  the  capillary  tube  until  it  is  perfectly  clean.  If  in 
this  way  impurities  were  added  to  the  water  in  the  burette,  it 
must  be  renewed. 


Investigation  of  Fire  Gases  in  the  Continuous  Lime  Kiln  with 

Orsat's  Apparatus 


Prop.  Chas.  W.  Mbsloh,  Translator 

The  introduction  of  Orsat's  apparatus,  announced  in  a  pam- 
phlet by  A.  Pichet,  on  gas  firing,  made  it  possible  to  carry  out 
with  little  trouble  a  large  series  of  investigations  on  the  compo- 
sition of  waste  gases  and  thus  to  note  the  course  of  the  fire.  Even 
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though  the  determinations  made  by  means  of  the  Orsat  appara- 
tus lack  extreme  scientific  accuracy,  the  information  obtained 
thereby  is  accurate  enough  for  practical  purposes,  and  this  method 
of  investigation  has  the  advantage  over  more  accurate  methods, 
that  the  results  are  obtained  within  a  few  minutes,  and  the  fire 
can  be  regulated  accordingly. 

Schinz  states  that  to  obtain  complete  combustion  with  grate 
firing,  it  is  necessary  to  supply  double  the  amount  of  air  neces- 
sary for  the  combustion  of  the  fuel,  according  to  the  chemical 
composition,  so  that  half  of  the  oxygen  of  the  air  passing  through 
the  grate  is  not  used. 

It  seemed  interesting  to  investigate  (i)  what  the  relation 
is  between  air  and  fuel  in  the  continuous  kiln  ?  (2)  what  in- 
fluence an  abundant  supply  of  coal  has  on  the  composition  of  the 
fire  gases  ?  and  (3)  what  differences  appear  in  the  composition  of 
the  products  of  combustion  at  the  floor  immediately  under 
the  arch  at  the  place  of  maximum  heat,  and  in  the  neighborhood 
of  the  damper  ? 

Atmospheric  air  consists  in  round  numbers  of  79  parts  by 
volume  of  nitrogen  and  21  parts  by  volume  of  oxygen  with  frac- 
tions of  a  per  cent  of  carbon  dioxide  and  water  vapor,  which  may, 
however,  be  neglected,  since  they  are  not  important  for  our  con- 
sideration. In  the  products  of  combustion,  carbon  dioxide  and 
water  vapor  take  the  place  of  the  oxygen  if  the  combustion  was 
complete,  of  which  the  former  occupies  the  same  volume  as  the 
oxygen  that  was  used  for  its  formation ;  if  the  combustion  was 
incomplete  carbon  monoxide  is  present  which  occupies  double 
the  space  of  the  oxygen  that  is  used  for  its  formation ;  besides 
water  vapor,  hydrogen  and  hydrocarbon  compounds  are  formed  if 
the  temperature  was  not  high  enough  and  if  the  oxygen  was  pres- 
ent in  insufficient  amounts  for  complete  combustion.  Nitrogen,  on 
the  other  hand,  is  altogether  indifferent  in  all  cases,  and  there- 
fore its  amount  in  the  products  of  combustion  furnishes  a  very 
good  means  of  calculating  the  amount  of  air'  which  has  passed 

>  If  O  designates  the  amount  of  oxygen  which  is  stiU  present  in  the  products  of 
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the  fire  without  having  been  deprived  of  its  oxygen.  Besides 
the  results  of  the  investigation  there  is  given  in  the  following 
tables  in  a  special  column  the  percentage  of  air,  found  by  calcu- 
lation, which  was  actually  used  in  the  combustion. 

The  carbon  dioxide  which  is  present  in  the  combustion 
gases  of  a  lime  kiln  arises  either  from  the  combustion  of  the 
coal  used  in  the  heating  or  is  evolved  from  the  limestone  by 
the  influence  of  the  heat  produced.  The  proportion  of  each  may 
be  determined  by  calculation,  as  the  composition  of  the  coal  is 
known  and  that  of  the  fire  gases.  The  calculation'  of  the  relation 
between  the  carbon  dioxide  coming  from  the  fuel  and  that  from 

combttstion,  then  the  amonnt  of  nitrogen  (it)  which  corresponds  to  it  to  give  with  it  such 

a  mixture  as  is  present  in  the  atmospheric  air,  is  —-x  O.  If  N  designates  the  whole 

amonnt  of  nitrogen  f  onnd  in  the  fire  gases,  we  calculate  the  amount  which  belongs  to 
the  air  that  has  actually  been  burnt  and  deprired  of  its  oxygen,  by  if s  »  N  —  it » 


79 

79 


N  —  ^X  O,  or  expressed  in  per  cents, 


79  ..  _  100  (N—S-  XO) 

«  N 


N  :  N  — ^  XO=»ioo:a,  ora 


ai 


If,  for  instance,  in  the  products  of  combustion  the  amount  of  oxygen  still  found 
be  4  per  cent,  that  of  nitrogen  73  per  cent,  then  the  amount  of  air  which  was  actually 
deprived  of  its  oxygen  is  equal  to 

X  « 21 ■'*"  ^  ^  -  79  per  cent; 

73  73 

that  is,  of  the  whole  amount  of  air  entering  the  furnace  79  per  cent  has  been  used 

and  21  per  cent  has  gone  through  without  exercising  any  effect 

■  If  atmospheric  air  was  used  for  the  complete  combustion  of  pure  carbon  the 
final  result  is  79  per  cent  of  nitrogen  and  31  per  cent  of  carbon  dioxide ;  if,  however, 
the  coal  contains  hydrogen  as  is  always  the  case,  excepting  in  the  use  of  coke  or 
charcoal,  then  a  part  of  the  oxygen  is  used  for  the  combustion  of  the  hydrogen  and 
the  amount  of  carbon  dioxide  is  correspondingly  reduced. 

In  this  special  case  the  carbon  content  of  the  coal  was  34.88  per  cent,  that  of  the 
combustible  hydrogen  1.87  per  cent  One  part  by  weight  of  hydrogen  requires  eight 
parts  by  weight  of  oxygen,  and  six  parts  by  weight  of  carbon,  sixteen  parts  by  weight 
of  oxygen  for  complete  combustion.    1.87  parts  by  weight  of  hydrogen  accordingly 

1.87  X  8  of  oxygen  ^  14.96,  and  34.88  parts  by  weight  of  carbon  34.88  X  -7-  =    93-03 

parts  by  weight,  therefore,  for  100  parts  by  weight  of  carbon  107.98  parts  by  weight 
of  oxygen. 

Of  the  31  parts  of  ox3rgen  which  is  contained  in  the  air  there  were  used  in  the 

combustion  of  the  carbon —     |^'  >=  x8.i  parts  by  volume,  for  the  combustion  of  the 

hydrogen  "  107  fta    ^  ^^  parts  by  volume. 

Since  every  part  by  volume  of  oxygen  on  combustion  furnishes  again  one  part 
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the  limestone  has  been  carried  out  everywhere  and  has  been 
added  to  the  results  of  the  investigation. 

The  following  series  of  experiments  was  carried  out  by 
Dr.  Aron  and  myself  with  the  continuous  lime  kiln  of  Frederick 
Hoffman  in  Berlin  in  such  a  manntr  that  with  two  apparatus, 
fire  gases  were  taken  at  the  same  time  from  the  bottom  of  the  fur- 
nace and  from  under  the  arch.  The  gas  was  taken  by  boring 
two  holes  through  a  cover  and  inserting  air-tight,  two  wrought 
iron  gas  tubes  1/4  of  an  inch  in  diameter,  of  which  the  one 
ended  10  cm.  from  the  bottom  of  the  kiln,  the  other  10  cm.  from 
the  top.  Bach  of  these  tubes  was  connected  to  the  Orsat  appa- 
ratus by  means  of  a  rubber  tube.  To  prevent  the  action  of  the 
metallic  iron  on  the  gases  of  combustion  the  tubes,  before  being 
placed  into  the  furnace,  were  washed  out  with  a  hot  solution  of 
boric  acid  and  a  glassy  lining  was  produced  on  the  inner  surface. 

Together  with  the  analysis  of  the  fire  gases  carried  out  at 
intervals  of  ten  to  twenty  minutes  simultaneously  above  and 
below  in  the  kiln,  the  strength  of  the  draft  was  measured  and 
registered. 

The  kiln  was  fired  in  every  case  by  filling  4  or  5  rows  of 
holes,  that  is,  12  to  15  shafts  according  to  the  strength  of  the 

by  volume  of  carbon  dioxide,  the  carbon  dioxide  and  nitrogen  are  in  the  proportion 
of  18. 1  :  79,  asanming  the  aame  composition  of  coal  as  above. 

Since  now  the  amount  of  nitrogen  which  corresponds  to  that  part  of  the  air  that 
has  lost  its  oxygen  by  combustion,  may  be  deduced  from  the  experiment,  there  is 
given  also  the  amount  of  carbon  dioxide  which  corresponds  to  the  oxygen  which  has 
disappeared. 

If  the  percentage  of  air  used  in  combustion  is  indicated  by  a,  the  nitrogen  found 
in  the  fire  gas  by  N,  then  the  amount  of  nitrogen  which  belongs  to  the  oxygen,  which 

has  vanished,  is  equal  to     ^^  ■.  For  the  calculation  of  the  corresponding  amounts  of 

carbon  dioxide  the  proportion,  therefore,  is  79  :  18.1 «  ^-^  xx\     x^  Nx*Xi8.i 

*^  '^  100         '  100  X  79    * 

If,  for  example,  the  amount  of  nitrogen  was  found  be  69  per  cent  and  the  per- 
Outage  of  air  consumed  had  been  calculated  as  95  from  the  oxjrgen  content, 
then  there  would  correspond  to  the  oxygen  vanished,  a  carbon  dioxide  content  of 

loox  7Q  ^  '^^  ^'  ^^^  °'  *^^  ^^^  fira«e8.  If  now  on  examination  a  laiger  con- 
tent of  carbon  dioxide  is  found,  as  for  instance,  30  per  cent  (in  the  test  No.  48)  the 
difference  of  15  per  cent  represents  the  amount  of  carbon  dioxide  that  has  been 
driven  out  of  the  limestone. 
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draft,  with  lignite  up  to  the  top  of  the  arch,  at  intervals  of  one 
to  one  and  a  half  hours,  and  awaiting  the  complete  ignition  and 
settling  to  the  level  of  the  flues  built  in  the  limestone  above  the 
floor  of  the  kiln,  before  putting  in  the  next  charge. 

The  fire  gas  was  always  taken  from  the  low  red  part  of  the 
kiln ;  the  place  is  always  indicated  in  the  tables  as  well  as  the 
place  where  the  instrument  for  measuring  the  draft  was  attached 

The  furnace  was  fired  with  a  very  moist  earthy  lignite  of 
low  calorific  power.     It  contained : 

Per  cent 

Carbon  -               -               -               .               34.88 

Hydrogen  -               .               -               -         3.81 

Oxygen  -               -               -               -                15.53 

Moisture  .               -               .               .       42.69 

Ash  -               -               -               -                 3.09 

Besides  the  carbon  there  was  consumed  1.87  per  cent  of  hy- 
drogen while  the  remainder,  1.94  per  cent,  corresponds  to  the 
oxygen  content  of  the  coal  used  for  the  formation  of  water.  The 
theoretical  fuel  value  of  the  coal  deduced  from  the  analysis  is 
2950  calories. 

In  this  experiment  the  fire  had  been  kept  for  some  time  in 
one  place  since  a  progression  was  not  advisable  on  account  of 
the  neighborhood  of  the  damper.  By  a  previous  pause  in  the 
burning  the  temperature  had  sunk  very  low ;  consequently 
the  combustion  was  slow.  The  evolution  of  the  carbon  dioxide 
from  the  limestone  reduced  almost  to  zero,  in  consequence  of  the 
previous  long  firing  at  one  place  and  the  low  temperature  of  the 
furnace. 

The  second  series  of  tests  shows  the  composition  of  the  fire 
gases  with  a  slow  progression  of  the  fire  so  that  the  daily  capac- 
ity of  one  chamber  was  not  fully  realized ;  the  gas  was  taken 
at  different  distances  from  the  full  fire  and  with  varying  draft 

Prom  this  table  we  see  in  the  clearest  manner  the  influence 
of  the  firing  on  the  composition  of  the  gases  as  well  as  the  dis- 
tribution of  the  products  of  combustion  and  their  chemical  com- 
position at  various  heights  in  the  kiln.     We  see  that  with  the 
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beginning  of  firing  with  coal,  the  oxygen  content  of  the  fire 
gases  decreases  till  it  reaches  its  minimum  at  the  end  of  the 
charging  and  the  carbon  dioxide  its  maximum,  and  with  the 
burning  down  of  the  coal  a  gradual  rise  in  the  excess  of  air  sup- 
ply appears.  The  percentage  of  oxygen  actually  burned  is  quite 
high  and  rises  to  over  80  per  cent,  falling  to  below  50  per  cent 
just  before  a  new  charge  of  coal.  These  differences  seem  quite 
large,  yet  they  are  small  as  compared  with  grate  firing,  for  in 
the  case  of  the  latter  we  notice  in  most  cases  the  appearance  of 
reducing  gases  (that  is,  a  lack  of  the  necessary  oxygen  for 
complete  combustion)  by  the  colored  smoke  which  rises  from  the 
chimney  immediately  after  firing,  while  the  content  of  excess 
oxygen  in  the  burning  down  of  the  fire  is  probably,  in  most 
cases,  greater.  The  composition  of  the  fire  gases  is  almost  the 
same  near,  as  at  a  distance  from,  the  full  fire,  above  and  below 
in  the  kiln.  That,  in  consequence  of  this  uniform  combustion 
at  various  places  of  the  furnace,  a  uniform  temperature  is  devel- 
oped, is  seen  from  the  fact  that  the  evolution  of  carbon  dioxide 
from  the  limestone  is  uniform  near  the  kiln  floor  and  below  the 
arch. 

With  an  increased  draft,  however,  in  the  kiln,  as  we  see 
from  the  last  section  of  the  series  of  experiments,  the  percentage 
of  the  unused  air  becomes  greater  under  the  arch ;  this  is  still 
more  marked  in  the  third  series  of  experiments.  This  may  be 
caused  by  the  fact  that  with  the  increased  draft,  the  products 
of  combustion  must  take  a  more  horizontal  path  and  cannot  rise 
from  the  lower  parts  of  the  kiln ;  or  in  consequence  of  the  more 
rapid  sinking  of  the  fuel  in  the  firing  flues  the  coal  goes  out  of 
the  upper  shafts  sooner  than  out  of  the  lower  ones,  and  that 
therefore  the  fire  gases  can  pass  under  the  arch  without  suffi- 
ciently coming  in  contact  with  the  glowing  coal.  With  a  stronger 
draft,  as  we  shall  see,  the  amount  of  carbon  dioxide  evolved  from 
the  limestone  diminishes.  This  does  not  agree  at  all  with  the 
assumption  formerly  made  in  which  a  strong  draft  increases  the 
formation  of  carbon  dioxide,  but  seems  capable  of  being  explained 
by  the  fact  that  through  the  increase  of  an  excess  of  air  a  slight 
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lowering  of  the  temperature  has  been  produced,  so  that  the  evo- 
lution of  carbon  dioxide  has  been  somewhat  decreased.  Even  if 
we  assume  that  the  evolution  of  carbon  dioxide  is  not  diminished, 
the  percentage  would  still  be  less  since  the  amount  of  gases 
drawn  in  by  the  kiln  has  become  greater. 

The  third  series  shows  the  continuous  kiln  in  a  condition 
in  which  it  possesses  so  high  a  temperature  and  the  fire  pro- 
gresses in  such  a  lively  manner  that  the  production  exceeds  the 
normal  one  by  one  chamber  daily. 

In  this  case  it  is  more  evident  than  previously  that  a  strong 
draft  produces  inequalities  in  the  composition  of  the  gases  that 
become  greater  with  an  increase  of  draft  While  in  all  cases  the 
composition  of  the  gases  on  the  floor  of  the  kiln  is  subjected  to 
slight  fluctuations  and  theoretically  shows  the  most  favorable 
condition  for  the  development  of  a  very  high  temperature,  the 
dlfiEerences  become  very  great  under  the  arch. 

From  this  we  can  explain  the  phenomenon  that  with  a  very 
strong  draft  the  highest  heat  is  developed  at  the  bottom  of  the 
kiln  while  under  the  arch  it  decreases  so  much  at  times  that 
it  falls  below  the  degree  necessary  for  burning  wares  to  a  ma- 
tured condition ;  that  is,  the  phenomenon  appears  which  the 
burners  call  "  not  being  able  to  hold  the  fire." 

On  increasing  the  number  of  holes  fired,  the  phenomenon 
is  shown  that  immediately  after  the  firing,  carbon  monoxide  ap- 
pears at  the  bottom  of  the  kiln ;  that,  therefore,  the  oxygen 
is  not  sufficient  for  the  combustion,  while  under  the  arch  it  is 
present  in  excess.  The  last  determinations,  however,  furnish  the 
proof  that  the  carbon  monoxide  does  not  get  to  the  chimney  but 
that  in  the  low  red  chambers  a  sufficient  mixture  of  the  gases 
containing  oxygen  above  and  carbon  monoxide  below  takes  place 
to  make  the  combustion  a  complete  one. 

Still  more  plainly  than  from  the  preceding  tables,  the  influ- 
ence of  the  draft  on  the  composition  of  the  fire  gases  in  regard  to 
their  absolute  content  of  excess  of  oxygen,  as  well  as  to  the 
amount  of  carbon  dioxide  evolved  from  the  fuel  and  the  lime- 
stone, and  the  amount  of  air  passing  through  indifiEerently,  ap- 
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pears  from  the  last  table  which,  excluding  the  fluctuations  that 
are  caused  by  the  supply  of  fuel  in  large  amounts,  shows  only 
the  average  composition  with  a  given  draft  and  temperature 
from  the  time  of  one  charge  to  the  other. 

Prom  these  average  values  it  is  clearly  shown  that  with  a 
moderate  draft  the  composition  of  the  gases  at  various  heights 
in  the  kiln  is  almost  the  same ;  hence  uniform  conditions  exist 
for  the  generation  of  heat  and  the  evolution  of  carbon  dioxide 
as  far  as  this  is  possible  with  the  natural  irregularities.  With 
a  stronger  draft,  however,  judging  from  the  air  excess  consider- 
able differences  are  shown  between  top  and  bottom.  If  we  look 
at  the  figures  which,  other  things  being  equal,  express  the 
amounts  of  carbon  dioxide  derived  from  the  coal  and  the  lime- 
stone, we  note  on  the  one  hand  that,  as  was  to  be  expected, 
with  a  rising  temperature  in  the  kiln  the  amount  of  carbon  di- 
oxide developed  from  the  limestone  increases  both  absolutely 
and  relatively  as  compared  with  the  amount  coming  from  the 
coal,  and  that  therefore  a  high  temperature  makes  possible  not 
only  a  more  rapid  burning,  but  that  also  the  heating  effect  of 
the  coal  must  be  considerably  higher  than  at  a  temperature 
which  just  suffices  to  free  the  carbon  dioxide  from  the  lime- 
stone, and,  on  the  other  hand,  that  the  proportion  of  the  carbon 
dioxide  coming  from  the  two  sources  remains  the  same  above 
and  below. 

This  seems  to  indicate  that  the  assumption  frequently  made 
that  a  large  amount  of  carbon  dioxide  in  the  fire  gas  retards  the 
decomposition  of  the  calcium  ca,rbonate  and  that  the  evolution 
of  carbon  dioxide  is  all  the  more  vigorous  the  greater  the  move- 
ment of  the  air,  is  not  true  in  the  measure  generally  assumed. 
With  a  very  strong  draft  it  appears  evident,  from  the  tests  made 
and  especially  for  the  upper  portions  of  the  kiln,  that  the  very 
large  amount  of  air  is  not  in  a  correct,  but  in  an  unfavorable, 
proportion  to  the  fuel.  Through  this  disproportion  the  temper- 
ature necessary  for  the  decomposition  is  not  reached,  and  we  see 
from  the  first  series  of  tests  that  even  with  a  strong  draft  there 
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is  no  evolution  of  carbon  dioxide  if  the  requisite  temperature  is 
not  attained.  If  a  larger  amount  of  carbon  dioxide  in  the  fire 
gases  appears  in  the  lower  parts  of  the  kiln  in  general  (and  es- 
pecially with  a  strong  draft)  than  under  the  arch,  this  arises  from 
the  fact  that  the  amount  of  air  which  passes  the  cross-section  of 
the  kiln  at  its  bottom,  is  under  these  circumstances  smaller  than 
that  passing  through  the  upper  regions  of  the  kiln.  The  car- 
bon dioxide  evolved  is  therefore  less  diluted  by  atmospheric  air 
passing  uselessly  through  the  kiln. 

The  assumption  frequently  made,  that  the  heavy  gases,  here 
the  carbon  dioxide,  are  especially  inclined  to  pass  through  the 
lower  parts  of  the  kiln,  a  statement  which  has  often  appeared  in 
the  discussions  of  the  general  conventions  of  the  German  Society 
for  the  manufacture  of  brick,  clayware,  lime,  and  cement,  and 
to  which  an  especial  importance  has  been  given,  is  not  correct 
from  other  reasons  of  a  purely  physical  nature  and  so  shows 
itself  here ;  where  an  especially  large  amount  of  carbon  dioxide 
appears  at  the  bottom  of  the  kiln,  it  may  be  explained,  from 
the  experiments  made,  by  the  fact  that  the  movement  of  the 
fire  gases  in  the  lower  parts  of  the  kiln  is  slower,  on  account  of 
the  greater  resistance  by  friction  with  a  strong  draft,  than  above 
and  that  below  the  carbon  dioxide  evolved  is  less  diluted  by  the 
atmospheric  air  passing  through  indi£Ferently  without  chemical 
efEect. 

At  any  rate  it  may  be  seen  that  however  desirable  a  strong 
circulation  of  air  must  undoubtedly  be  in  the  manufacture  of 
lime,  in  order  to  bum  in  a  given  time  a  definite  quantity  of  coal 
corresponding  to  the  lime  to  be-bumed,  for  the  greatest  and  most 
intense  effect,  the  velocity  of  the  draft  must  not  exceed  a  certain 
limit  The  quantity  of  the  air  will  be  all  the  greater,  and  in 
consequence,  the  progress  of  the  fire  can  be  hastened  all  the 
more,  the  more  rapidly  coal  may  be  changed  into  gaseous  prod- 
ucts. In  every  special  case  the  dimensiqus  of  the  kiln,  the  size 
of  the  rock,  the  manner  of  charging,  and  necessary  degree  of 
heat,  can  exercise  an  influence  in  this  direction  if  one  wishes  to 
obtain  as  nearly  as  possible  theoretical  results. 


The  Investigation  of  Industrial  Gases 


Prop.  Chas.  W.  Mbsloh,  Translator 

The  demands  which  are  made  on  methods  for  the  investi- 
gation of  gases,  if  they  are  to  serve  technical  purposes,  must  be  . 
essentially  different  from  those  which  are  made  exclusively  for 
scientific  purposes.  In  the  latter  the  highest  obtainable  degree 
of  accuracy  is  demanded,  while  with  the  former,  above  all,  ra- 
pidity of  execution  is  necessary  in  order  to  be  able  to  follow, 
step  by  step,  the  technical  process  with  the  accuracy  limited  to 
a  certain  degree. 

Orsat's  apparatus,  much  used  recently  for  investigations  of 
this  kind,  answers  the  latter  requirement,  but  permits  a  direct 
determination  of  only  a  part  of  the  constituents  of  the  fire  gases, 
namely,  carbon  dioxide,  oxygen,  and  carbon  monoxide,  while 
for  the  kilns  of  the  clay  industries  the  determination  of  other 
constituents,  especially  of  hydrogen  and  hydrocarbons,  seems  of 
importance.  Orsat's  apparatus,  lately  modified  by  him  in  such 
a  manner  that  also  the  determination  of  the  last-named  substances 
is  made  possible,  seemed  unsuited  for  the  purpose  at  hand,  be- 
cause it  is  too  complicated  and  the  sources  of  error  far  exceed 
the  permissible  amount,  so  that  its  readings  lose  their  value. 

The  advantage  which  Orsat's  apparatus  has,  that  it  does 
not  make  necessary  work  in  a  laboratory  but  may  be  set  up 
by  the  side  of  the  kiln,  could  not  decide  in  favor  of  its  choice ; 
for  the  sake  of  greater  accuracy  the  determinations,  according 
to  the  method  to  be  described  later,  were  made  in  the  laboratory. 

Samples  for  the  investigation  were  taken  in  the  following 
manner :  At  the  place  in  the  kiln  at  which  samples  of  the  com- 
bustion gases  are  to  be  taken,  a  porcelain  tube,  of  about  i  cm.  inside 
diameter,  and  i.25-i.35mm.  long,  is  firmly  walled  in  so  that  the 
one  end  is  accessible  from  without  and  may  be  kept  closed  by 
means  of  a  cork. 

For  aspirating  the  kiln  gases  a  suction  flask  containing  5 
7 
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liters  is  used ;  this  is  filled  with  water  which  is  covered  with  a 
layer  of  rapeseed  oil,  1  cm.  thick,  to  prevent  the  immediate  con- 
tact of  the  gases  of  combustion  with  the  water.     This  suction 
flask,  A,  has  in  its  rubber  stopper  a 
glass-cock,  a,  and  a  tube,   d,  reach- 
ing almost  to  the  bottom,  which  b 
connected  on  the  outside  by  means 
of  a  rubber  tube  with  a  straight  tube 
sufficiently  long  to  cause  the  com- 
plete removal  of  the  water  through 
the  siphon.    The  bottle,  A,  is  placed 
upon  a  small  wooden  bench.     The 
I  connecting  rubber  tube  may  be  closed 
by  means  of  a  pinch-cock  supplied 
with  a  screw  which  at  the  same 
.  time  serves  to  regulate  the  flow. 
^*-  "■  Before  taking  a  sample  the  suction 

flask  is  so  filled,  by  means  of  the  siphon  from  a  higher  vessel,  that 
no  air  bubbles  remain  in  it  and  the  cock,  a,  is  filled  with  oil  up  to 
its  orifice.  The  cock,  a,  is  then  connected  by  means  of  a  rubber 
tube  with  the  porcelain  tube  walled  into  the  kiln  after  the  air 
in  the  passageway  has  been  removed  by  suction  with  the  mouth, 
and  fire  gases  have  taken  its  place.  By  opening  the  cock,  a, 
we  cause  the  water  to  flow  out  and  r^nlate  the  flow  by  means 
of  the  pinch-cock  so  that  the  suction  flask  is  filled  in  about 
£fteen  minutes  with  fire  gases  (about  5  liters).  The  samples  of 
gas  taken  from  the  kiln  as  an  average  of  the  composition  during 
the  time  indicated  are  now  transferred  to  smaller  vessels,  suffi- 
cient for  the  investigation  to  be  transported  in  them  and  to  be 
preserved  until  the  time  of  determination.  These  vessels,  B, 
have  the  form  given  in  the  cut,  hold  about  300  cc.  and  are  sup- 
plied at  their  orifices  with  a  short  rubber  tube,  one  end  of  which 
may  be  closed  by  means  of  a  glass  rod,  the  other  by  means  of  a 
pinch-cock  with  a  screw.  They  are  filled  by  connecting  the 
opening  provided  with  the  pinch-cock  by  means  of  a  tube,  a, 
with  a  suction  flask  and  by  elevating  the  vessel,  A^,  and  lowering 
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the  suction  flask,  Ay  thus  again  filling  the  latter  with  water  and 
driving  the  gas  through  the  cock  into  the  small  vessel.  The 
gas  will  gradually  drive  out  the  air  contained  in  the 
vessels.  Not  until  the  sample  is  removed  from  the  suc- 
tion flask,  excepting  a  small  amount,  are  the  openings 
of  the  vessel,  By  closed  tightly.  In  this  way  we  are  able 
to  take  samples  in  a  short  time  at  any  number  of  places 
in  the  kiln,  simultaneously  in  about  twenty  or  twenty-  |||| 
five  minutes,  and  to  keep  them  for  future  investigation. 

To  determine  those  constituents  of  a  fire  gas  which 
can  be  removed  by  absorbing  liquids,  namely,  carbon  di- 
oxide, oxygen,  and  carbon  monoxide  taken  up  in  caus- 
tic soda,  pyrogallic  acid  and  cuprous  chloride,  we  use 
an  apparatus,  C,  agreeing  essentially  with  Bunte's  gas 
burette.  With  reference  to  later  manipulation  some  ^-s- 
changes  have  to  be  made  in  order  to  avoid  calculations.  The 
burette,  C,  with  which,  with  some  practice,  we  can  work  just  as 
rapidly  as  with  Orsat's  apparatus,  and  which  is  cheaper,  besides 
giving  more  reliable  and  accurate  results,  consists  of  a  cylindrical 
vessel  for  measuring,  dy  enlarged  in  its  upper  part,  containing  about 
100  cc,  whose  lower  contracted  part  of  about  30  cc.  is  supplied 
with  a  scale  showing  divisions  of  tenths  of  cubic  centimeters. 
The  zero  point  of  the  scale  lies  about  5  cm.  above  the  lower 
cock ;  from  here  on  the  burette  contains  exactly  100  cc. 

The  burette  may  be  closed  below  by  a  cock,  /y  which  runs 
out  to  a  point,  and  above  by  a  three-way  cock,  ^,  which  permits 
of  communication  with  the  external  air  through  its  point  as 
well  as  with  a  spherical  vessel,  ^,  for  washing,  that  holds  from 
50  to  60  cc.  The  three-way  cock,  ^,  is  set  directly  on  the  meas- 
uring vessel  without  the  capillary  connecting  piece  used  in 
Bunte's  burette.  The  vessel  for  washing,  ^,  has  no  mark,  be- 
cause the  measurements  are  carried  out  under  atmospheric  pres- 
sure owing  to  later  determinations  in  the  eudiometer.  For  equal- 
izing the  pressure  in  the  measuring  vessel  with  the  atmospheric 
pressure,  a  cylindrical  tube,  >6,  which  may  be  moved  in  a  per- 
pendicular direction,  is  attached  to  the  burette  stand ;  this  ends 
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in  a  capillary  rubber  tube  that  can  be  closed  by  means  of  a 
clamp.     This  tube  can  be  attached  to  the  point  ci  the  cocky 


whereby  a  communicating  tube  is  produced.  The  burette  is 
fastened  in  an  arm  capable  of  turning  in  the  socket  i  so  that  a 
shaking  of  the  gas«6  contained  in  it,  is  made  possible  by  an  os- 
cillating movement  of  the  absorption  liquid. 
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In  order  to  get  the  sample  of  gas  to  be  investigated  into  the 
burette,  the  latter  is  first  completely  filled  with  water.  This  is 
done  from  the  elevated  large  glass  vessel  A,  having  a  hole  at  the 
bottom,  communicating  with  the  long  rubber  tube  /provided  with 
a  clamp ;  this  tube  is  pushed  upon  the  point  of  the  open  cockyT 
The  air  escapes  through  the  three-way  cock  open  to  the  outside. 
Thereupon  the  vessel  B^  containing  the  sample  of  gas,  is  placed 
into  a  cylinder  filled  with  water;  the  glass  rod  closing  it  below, 
is  removed  under  water  and  a  small  capillary  rubber  tube  fas- 
tened at  the  other  end  by  means  of  a  little  glass  tube.  After 
opening  the  clamp,  20  to  25  cc.  of  the  gas  are  first  allowed  to 
escape  in  order  to  crowd  out  the  air  contained  in  the  tube,  which 
is  then  placed  upon  the  horizontal  point  of  the  cock  g^  and  the 
water  allowed  to  flow  out  of  the  cockyT  When  the  burette  is 
entirely  filled  with  gas  and  the  cocks  are  closed  again,  the  vol- 
ume must  be  brought  to  100  cc.  This  is  done  by  causing  so 
much  water  to  flow  through  the  cocky  from  the  vessel  A,  that 
its  level  stands  at  the  zero  point  of  the  scale.  The  gas  in  the 
burette  now,  of  course,  has  a  higher  tension  than  the  external 
atmosphere ;  to  equalize  the  pressure  it  is  only  necessary  to  open 
the  cock  g^  outwardly  to  cause  the  excess  to  flow  out 

In  order  to  convey  the  absorbing  liquids  into  the  burette  we 
proceed  in  the  way  proposed  by  Bunte.  The  liquid  is  removed 
through  the  cock/*  by  means  of  a  suction  flask  and  in  its  place 
the  reagents  contained  in  a  small  beaker  are  made  to  rise  :  for 
the  determination  of  carbon  dioxide,  caustic  soda  (i :  7);  for  the 
determination  of  the  oxygen,  pyrogallic  acid  and  caustic  soda ; 
for  the  determination  of  carbon  monoxide,'  an  ammoniacal  solu- 
tion of  saturated  cuprous  chloride  (prepared  as  described  in  the 
chapter  on  the  Orsat  apparatus).  After  introducing  the  reagents 
the  absorption  is  brought  about  by  the  oscillating  movement  of 
the  burette  about  its  center  of  rotation,  ;',  lasting  one  to  two 
minutes. 

Before  reading  the  losses  in  volume  produced  by  the  absorb- 

'  The  errors  in  the  determination  of  the  carbon  monoxide  that  may  be  pro- 
duced by  the  presence  of  ammonia,  amount  from  0.5  to  i.o  cc. 
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ing  liquids  a  removal  of  the  same  is  absolutely  necessary,  because 
they  differ  very  much  in  regard  to  adhesion  to  the  glass.  For 
this  purpose  the  cock,  g^  is  first  so  placed  that  water  flows  from 
the  washing  vessel,  e^  into  the  burette.  By  opening  the  cock, 
/,  the  absorbing  liquid  flows  out  without  any  loss  of  gas  while 
the  water,  which  flows  in  from  ^,  washes  the  sides  of  the  burette 
and  at  the  same  time  gives  to  the  volume  of  gas  the  temperature 
of  the  water  and  removes  the  ammoniacal  gas  which  gained 
access  through  the  absorption  of  the  carbon  monoxide. 

After  closing  the  cock  the  pressure  is  equalized  by  connec- 
ting the  lower  cock,  y^  with  the  communicating  tube,  k\  the  liquids 
are  then  brought  to  the  same  level  and  the  reading  taken.  In 
connecting  the  rubber  tube  with  the  point  of  the  lower  cock, 
care  must  be  taken  that  no  air  bubbles  are  found  in  it ;  water 
must  be  allowed  to  flow  out  freely  before  the  tube  is  put  on. 

For  the  removal  of  the  reagents  used  and  the  wash-water,  a 
large  glass  funnel  is  sunk  into  the  table  under  the  burette  stand 
communicating  with  a  pot  placed  below. 

The  determination  of  the  hydrogen  and  the  hydrocarbons 
contained  after  the  absorption  in  the  remainder  of  the  gas,  is 
made  in  the  simplest  way  by  exploding  in  a  eudiometer  after 
the  addition  of  some  oxygen  or  electrolytic  hydrogen,  using  a 
water-seal.*  The  eudiometer,  Z>,  is  about  50  cm.  long,  holds  about 
130  cc,  and  has  platinum  wires  melted  in  at  the  upper  end ;  it 
is  also  provided  with  a  scale  showing  tenths  of  cubic  centimeters. 
In  the  upper  end  the  eudiometer  tube  is  protected  against  heat- 
ing by  a  cork  shell,  8  cm.  long  and  i  cm.  thick.  To  transfer 
the  remainder  of  the  gas  from  the  burette  into  the  eudiometer  a 
rubber  tube,  ending  in  a  curved  glass  tube,  is  connected  with  the 
point  of  the  cock,  g^  and  first  filled  with  water  by  causing  it  to 
flow  from  the  washing  vessel,  ^,  through  the  tube  into  the  water 
receptacle  of  the  eudiometer  till  no  more  air  bubbles  arise.  Then 

'  It  is  to  be  recommended  to  nse  in  place  of  the  ordinary  cylindrical  eudiom- 
eters snch  as  are  widened  in  their  upper  part  like  the  burettes  of  the  Bunte  gas  bu- 
rette and  the  new  Orsat  api>aratus.  They  can  thus  be  made  shorter  and  handier,  and 
also  provided  with  a  more  distinct  calibration  scale. 
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the  glass  end  of  the  tube  is  placed  under  the  mouth  of  the  eudi- 
ometer filled  with  water,  and  from  the  vessel,  A,  water  is  made  to 
flow  through  the  cock,  f^  into  the  burette,  which  forces  the  gas, 
without  any  loss,  into  the  eudiometer  through  the  three-way 
cock  turned  in  the  opposite  direction. 

Thereupon  oxygen  is  made  to  enter  the  eudiometer  (5  to  10 
cc.  in  the  case  of  fire  gases,  20  to  30  cc.  in  the  case  of  generator 
gases).  The  oxygen  is  kept  on  hand  in  a  large  bottle  or  flask, 
Ey  which  is  arranged  exactly  like  the  suction  flask,  A^  used  to 
take  the  sample.  The  oxygen  contained  in  it,  which  suffices 
for  several  hundred  analyses  after  one  filling,  is  always  kept  un- 
der pressure  by  elevating  the  vessel,  E^.  The  delivery  tube, 
which  may  be  closed  by  means  of  a  glass  cock,  empties  into  the 
trough  of  the  eudiometer  below  the  surface  of  the  water. 
After  the  entrance  of  the  oxygen  the  volume  is  measured  by 
lowering  the  eudiometer  into  the  glass  cylinder,  F^  which  is 
about  60  cm.  high,  filled  with  water,  and  the  reading  is  taken 
with  the  water  within  and  without  at  the  same  level. 

The  removal  of  the  eudiometer  from  the  bath  into  the  glass 
cylinder  does  not  take  place  by  closing  it  with  the  thumb,  but 
in  the  simplest,  surest,  and  most  rapid  way  by  placing  under  the 
opening  a  little  long-handled  mustard  spoon  of  porcelain  or  glass. 

In  the  investigation  of  fire  gases  the  gas  mixture  contained 
in  the  eudiometer  after  the  addition  of  the  oxygen  is  never  ex- 
plosive ;  an  addition  of  electrolytic  hydrogen  gas,  which  must 
likewise  be  constantly  kept  on  hand,  is  necessary. 

The  hydrogen  gas  is  evolved  by  the  apparatus,  G^  according 
to  the  principle  of  Doebereiner,  under  whose  bell  the  platinum 
electrodes  end  in  well  insulated  wires.  The  current  from  a  bat- 
tery of  six  Lrcclanche  cells  is  sufficient  to  furnish  the  hydrogen 
gas  even  with  very  rapid  work. 

In  analyses  of  fire  gases  an  addition  of  from  25  to  35  cc.  is 
required,  while  in  those  of  generator  gases  little  or  nothing.  The 
exit  tube  of  the  hydrogen  reservoir  ends  under  water  in  the  bath 
of  the  eudiometer.  After  the  introduction  of  oxygen  and  hydrogen 
respectively,  the  latter  not  being  measured,  the  explosion  of  the 
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gas  mixture  is  accomplished  by  means  of  an  electric  spark 
through  the  platinum  wires  of  the  eudiometer.  The  latter  is 
placed  upon  a  rubber  plate,  weighted  by  a  piece  of  lead,  and  is 
pressed  against  the  rubber  by  being  fastened  to  a  strong  arm  of 
the  stand.  The  rubber  plate,  of  course,  is  placed  at  the  bottom 
of  the  eudiometer  bath.  For  igniting  the  gas  mixture  there  was 
first  used  a  small  Leyden  jar,  according  to  Bunsen's  specification, 
which  is  charged  by  rubbing  a  porcelain  tube  with  a  silk  cloth  ; 
but  for  convenience  and  rapidity  this  was  replaced  by  a  small 
induction  apparatus,  using  a  battery  as  the  source  of  electricity, 
zinc-carbon  in  chromic  acid. 

After  the  explosion  has  taken  place,  which  is  recognized 
by  a  sharp  sound,  the  eudiometer  is  immediately  released  and, 
after  the  water  column  rises,  is  placed  into  the  cylinder  Fy  60 
cm.  high  and  filled  with  water  for  the  purpose  of  cooling,  being 
completely  immersed  in  the  water.  After  five  minutes  the  de- 
crease in  volume  caused  by  the  combustion  of  the  hydrogen  and 
hydrocarbons  can  be  read,  the  eudiometer  being  raised  so  that 
the  interior  and  exterior  water-levels  are  the  same. 

There  remains  still  the  determination  of  carbon  dioxide 
produced  by  the  combustion  of  the  hydrocarbons.  This  is  done 
by  means  of  absorption  in  caustic  soda  in  the  eudiometer  itself. 
For  introducing  the  reagent  there  is  used  the  small  glass  cylin- 
der Hy  and  a  test-tube  narrowed  by  heating  over  the  Bunsen 
burner  and  drawing  out,  and  which  is  fitted  air-tight  into  a 
rubber  stopper  fitting  in  the  opening  of  the  eudiometer.  The 
test-tube  is  filled  with  strong  soda-lye  and  lowered  into  the  cylin- 
der Hy  so  that  the  water  in  the  latter  stands  about  3  to  4  cm. 
above  the  upper  edge.  On  account  of  its  higher  specific  gravity 
the  caustic  soda  remains  in  the  vessel.  The  eudiometer  is  now, 
as  previously  explained,  lifted  into  the  cylinder  by  means  of  a 
mustard  spoon,  placed  over  the  small  tube  under  water,  at 
the  same  time  being  pressed  over  the  rubber  stopper  and  thus 
closed  at  the  lower  end.  It  can  then  be  taken  out  and  shaken 
so  that  the  caustic  soda  is  mixed  with  the  water  in  the  eudiom- 
eter and  the  carbon  dioxide  absorbed.     The  opening  of  the  eudi- 


INVESTIGATION  OF  INDUSTRIAL  GASES  I05 

ometer  is  again  placed  under  the  water-level  of  the  cylin- 
der H^  the  rubber  stopper  and  the  tube  removed  by  means 
of  crucible  tongs,  and  the  eudiometer  lowered  with  the  help  of 
the  mustard  spoon  into  a  second,  high  cylinder,  y,  for  the  pur- 
pose of  cooling.  On  making  a  reading  of  the  volume  of  gas 
still  remaining,  the  eudiometer  being  raised  until  the  interior 
and  exterior  water-levels  are  the  same,  the  quantity  of  carbon 
dioxide  produced  by  the  combustion  of  the  hydrocarbons  is  ob- 
tained. 

By  means  of  the  loss  in  volume  caused  by  the  explosion  in 
the  eudiometer  (the  hydrogen  added  not  being  considered)  and 
the  contents  of  carbon  dioxide  absorbed  by  the  caustic  soda,  the 
factors  for  the  calculation  of  the  hydrocarbons,  ethylene,  C,H  , 
and  marsh  gas,  methane,  CH^,  are  given  and  the  calculation  can 
be  done  mentally.  To  the  chemist  this  is  self-evident ;  for  the 
benefit  of  the  non-chemist  it  may  be  said  that  one  volume  of 
ethylene  causes  a  contraction  of  two  volumes  on  exploding  and 
that  the  products  of  combustion  furnish  two  volumes  of  carbon 
dioxide ;  the  marsh  gas  likewise  causes  a  contraction  of  two  vol- 
umes, but  produces  only  one  part  by  volume  of  carbon  dioxide ; 
hydrogen,  on  burning,  contracts  one  and  one-half  volumes. 

However  complicated  the  method  may  at  first  seem  to  be, 
on  account  of  the  large  number  of  pieces  of  apparatus,  very  quick 
work  may  be  done  with  it.  At  the  same  time  it  gives  very  ac- 
curate results.  The  influence  of  varying  temperature  during 
the  experiment  is  completely  removed  by  the  use  of  water  which 
is  kept  constantly  at  hand  in  a  larger  reservoir  of  about  30  liters 
as  a  washing  and  cooling  liquid ;  the  barometric  pressure  may 
be  left  out  of  consideration,  since  an  analysis  does  not  require 
half  an  hour.  The  gases  investigated  are  always  saturated  with 
water-vapor  at  the  time  of  reading,  and  the  readings  are  taken 
only  with  water  used  as  seal,  so  that  possible  errors  on  account 
of  differences  in  the  adhesion  of  liquids  are  excluded;  the 
ammoniacal  gas  measured  with  the  carbon  monoxide  in  Orsat's 
apparatus  and  the  ordinary  burette  by  Bunte,  is  here  removed 
and  the  absorption  of  gases  by  the  water  is  reduced  as  much  as 
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possible  by  using  only  water  which  has  stood  for  several  days  in* 
the  room.  As  a  consequence,  analyses  of  the  same  sample  show 
no  greater  differences  in  the  individual  constituents  than  o.  i  per 
cent  The  absorption  analyses  in  the  burette  do  not  require  any 
more  time  than  with  Orsat's  apparatus,  with  greater  accuracy  of 
results,  namely,  about  fifteen  minutes.  The  work  with  the  eudi- 
ometer requires  about  as  much  time.  With  some  practice  and 
correct  division  of  the  work  it  is  possible  to  work  with  both 
apparatus  at  the  same  time  so  that  two  analyses  may  be  made 
at  once.  It  is  thus  possible,  if  an  assistant  takes  the  samples 
from  the  kiln,  to  carry  out  eighteen  to  twenty  complete  anal- 
yses of  the  fire  gases  or  generator  gases  in  one  day. 


Some  Investigations  Pertaining  to  the  Colors  of  Brick 


PnoF.  Chaa.  W.  Mbslor,  Translator 

The  clay  substance  in  its  purest  form  as  kaolin  has  a  white 
appearance,  and  all  phenomena  of  coloring  that  we  observe  in 
clays  are  caused  by  impurities.  In  this  respect  iron  and  its  com- 
pounds are  especially  to  be  considered ;  among  the  raw  materials 
used  for  the  manufacture  of  clay  wares  there  is  hardly  a  single 
one  which  is  absolutely  free  from  iron ;  with  ordinary  clays  its 
compounds  often  appear  in  very  large  amounts.  The  only  other 
coloring  constituent  of  clay  which  might  be  considered  here  is 
manganese;  it  is  always  accompanied  by  iron,  but  compared 
with  iron  is  found  in  such  small  amounts  that  its  coloring  power 
is  only  rarely  shown. 

The  intensity  with  which  iron  appears  in  its  coloring  prop- 
erties depends  not  only  on  the  amount  in  which  it  is  present, 
but  also  on  the  stage  or  degree  of  oxidation  in  which  it  is 
found,  and  a  large  number  of  physical  and  chemical  conditions 
of  the  clay,  so  that  almost  an  infinite  series  of  color  relations 
may  be  caused  by  it.  In  practice  the  material  must  be  very 
carefully  treated  in  the  case  of  the  highly  colored  clays  to  pro- 
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dace  an  approximate  uniformity  of  color  in  the  products  manu- 
factured. 

If  we  observe  the  gradations  of  color  which  appear  in  iron 
oxide  itself,  the  combination  with  which  we  have  to  do  in  most 
cases  in  the  coloring  of  clay  wares,  the  extremely  great  variety 
of  color  phenomena  which  it  produces,  will  be  clear. 

The  color  tint  assumed  by  chemically  pure  ferric  oxide, 
varies  very  much,  according  to  its  density  and  its  mode  of  prep- 
aration; thus  the  preparation  obtained  from  ferric  nitrate  is 
brownish  red,  that  from  iron  sulphate,  on  slight  ignition,  red 
with  a  tinge  into  orange.  However  it  may  have  been  produced, 
on  strong  heating  and  consequent  increase  in  density  the  color 
of  the  iron  oxide  becomes  invariably  darker,  and  this  increases 
rapidly  with  the  temperature.  At  an  intense  white  heat  it  turns 
to  blackish  brown  or  dark  violet  In  general,  the  coloration  of 
clay  products  by  iron  oxide  becomes  the  darker,  the  higher  the 
temperature  to  which  they  are  exposed. 

Outside  of  the  quantity  and  degree  of  density  in  which  the 
iron  exists  in  the  clay,  under  the  influence  of  the  burning,  the 
greater  or  less  degree  of  porosity  is  of  influence  in  regard  to  the 
color  tint  We  know  that  colored  bodies  in  a  dense  condition 
always  possess  a  darker  color  than  when  they  occur  in  a  finely 
divided  condition,  that  is,  in  the  form  of  powder,  when  between 
their  molecules  there  are  thin  envelopes  of  air,  a  condition  which 
exists  in  the  pores  of  all  clays  not  burned  to  vitrification. 

Of  further  influence  upon  the  color  is  also  the  chemical 
condition  in  which  the  coloring  iron  oxide  is  present  in  the 
clay,  whether  it  is  mixed  with  the  latter  mechanically,  or  whether 
it  has  already  entered  into  combination  with  some  of  the  con- 
stituents. In  the  latter  case  there  will  be  found  other  physical 
phenomena  and  other  colorations.  While  the  iron  oxide  by  it- 
self always  possesses  a  shade  of  red  or  brown,  glasses  and  slags 
colored  due  to  the  presence  of  smaller  quantities  of  iron  oxide 
are  colorless  or  yellow,  while  they  have  a  yellowish  brown  or 
brown  color  with  a  higher  content  of  iron  oxide  and  show  tints 
such  as  the  free  oxide  never  assumes. 
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Although  we  might  assume  that  all  those  clays,  which  con- 
sist only  of  the  real  colorless  clay  substance  and  admixed  iron- 
bearing  mineral  detritus,  or  their  weathering  products,  or  free 
iron  oxide,  or  the  hydroxide  of  the  latter,  always  assume  a 
shade  of  brown  or  red  after  burning  (the  colors  of  pure  iron  ox- 
ide diluted  by  colorless  ingredients  to  a  lower  intensity),  en- 
tirely diflFerent  color  phenomena  are  produced  if  there  are  sub- 
stances present  in  the  clay  which  may  cause  deep-seated  chemi- 
cal, as  well  as  physical,  changes  during  the  burning.  We  ob- 
serve this,  for  instance,  when  brick  clays  contain  considerable 
amounts  of  calcium  carbonate.  In  this  case  the  red  color  pro- 
duced by  the  iron  at  a  lower  temperature  disappears  at  the  vitri- 
fication temperature  sometimes  entirely,  and  is  only  noticed  un- 
pleasantly in  connection  with  faulty  water  smoking  and  burn- 
ing. Not  only  the  lime  (and  perhaps  also  the  magnesia  where 
the  latter  is  present  in  larger  quantity)  but  also  the  content  of 
alumina  in  the  material,  seem  to  act  in  a  similar  way  as  will  be 
discussed  later  on  under  the  head  of  materials  high  in  alumina. 

Outside  of  the  ferric  oxide  there  comes  into  consideration 
also  the  iron  compound,  lower  in  oxygen,  in  regard  to  the  color- 
ation of  clays ;  this  lower  oxide  is  formed  during  the  burning 
from  the  higher,  in  presence  of  carbonaceous  substances  in  the 
clay  or  under  the  influence  of  fire  gases,  or  at  a  very  high  tem- 
perature. It  may  also  have  been  originally  present  in  the  clay. 
On  the  whole,  it  is  a  much  stronger  coloring  agent  than  the 
ferric  oxide. 

It  is  known  from  the  glass  industry  that  the  iron  in  the 
form  of  ferrous  oxide,  colors  the  glass  a  very  intense  green  or 
black,  and  that  decoloration  of  the  glass,  or  with  much  impur- 
ity a  lightening  of  the  color,  takes  place  if  the  lower  oxide 
is  changed  to  the  higher  by  the  addition  of  oxidizing  sub- 
stances, as  manganese,  saltpeter,  and  arsenic  acid.  The  color 
which  the  ferrous  oxide  gives  to  clay  is  green,  violet,  or  black, 
according  to  the  absolute  amount  and  the  relative  proportion 
between  the  two  stages  of  the  oxidization  of  iron ;  in  general, 
therefore,  at  least  with  porous  ware,  the  development  of  the 
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ferrous  oxide  is  never  desired  on  account  of  its  intense  coloring 
power  and  its  instability,  and  is  a  normal  constituent  only  in 
the  production  of  highly  vitrified  products — the  clinkers. 

If  we  wish  to  classify  the  clays  according  to  the  colors 
which  the  mass  assumes  on  burning  without  considering  the 
accidental  colors  or  surface  colors  produced  unintentionally,  we 
can  divide  them  into  four  groups : 

1.  Clays  high  in  alumina  and  low  in  iron.  These 
bum  white  or  to  a  scarcely  noticeable  color. 

2.  Clays  high  in  alumina  containing  moderate 
amounts  of  iron ;  their  color  ranges  from  pale  yel- 
low to  bufE. 

3.  Clays  low  in  alumina  and  high  in  iron,  the 
brick  clays,  burning  red. 

4.  Clays  low  in  alumina,  high  in  iron  and  lime, 
the  brick  clays  burning  yellow,  or  clay  marl. 

I.  To  the  first  group  of  clays  belong  the  raw  materials  for 
the  finest  products  of  the  clay  industry,  the  kaolins  or  porcelain 
earths,  as  well  as  a  number  of  plastic  clays.  Even,  though  we 
speak  of  the  porcelain  earths  in  consequence  of  their  pure  white 
color  as  being  free  from  iron  compounds,  this  is  never  found  true 
on  chemical  analysis. 

Bruno  Kerl,  in  his  well-known  work  "Abriss  der  Thon- 
waaren-Industrie,"  gives  a  large  series  of  analyses  of  kaolins 
and  porcelains  which  show  that  the  amount  of  iron,  very  small 
in  many  cases,  often  exceeds  i  per  cent  without  seriously  affect- 
ing the  whiteness  of  the  body.  To  mention  a  few  examples  the 
amount  of  ferric  oxide  in  the  porcelain  of  Nymphenburg  was 
found  to  be  2.5  per  cent;  in  the  Berlin  porcelain,  0.6  to  1.74  per 
cent ;  in  the  Meissen  porcelain,  0.8  per  cent;  in  porcelain  from 
China,  1.2  per  cent ;  from  Limoges,  0.7  per  cent  Even  if  this 
amount  of  iron  ^eems  very  small  as  compared  with  the  common 
clays  it  still  appears  very  strange  that  with  the  normal  treatment 
of  the  porcelain  the  colors  vary  so  little  that  only  a  trained  eye 
can  detect  any  coloring  at  all.  The  presence  of  large  amounts 
of  alumina  (and  we  have  to  do  in  this  case  with  clays  containing 
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the  largest  amount  of  alumina)  probably  has  a  similar  e£Eect  on 
the  color  of  the  ferric  oxide  as  the  presence  of  large  amounts  of 
lime  in  the  clays ;  a  phenomenon  to  be  discussed  later  on  seems 
to  indicate,  with  reference  to  the  coloration  of  the  clay  of  the 
second  group,  that  a  large  proportion  of  alumina  is  able  to  de- 
stroy the  color  of  the  ferric  oxide.  Besides  the  porcelain  earths, 
a  number  of  plastic  clays  might  be  included  in  this  group,  which, 
in  burning,  take  a  pure  white  color,  and  are  used  for  the  manu- 
facture of  clay  pipes  and  fine  faience  ware. 

2.  To  the  second  group  belong  those  clays  which  bum  white 
at  a  low  heat,  sometimes  with  a  pinkish  tint,  but  at  higher  temper- 
atures take  on  a  more  or  less  yellowish  or  brownish  color,  how- 
ever, never  a  reddish  color  nor  one  changing  to  green  at  high 
temperatures.  This  group  comprises  the  majority  of  the  so- 
called  plastic  clays  or  the  fire  clays  in  all  stages  of  refractoriness 
down  to  the  lignite  clays  used  only  for  the  manufacture  of 
bricks.  As  a  rule  these  possess  a  comparatively  large  amount 
of  alumina,  20  to  30  per  cent,  and  over,  at  the  same  time  an 
amount  of  iron  which  approximates  in  some  cases  that  of  the  red 
burning  brick  clays,  but  in  most  cases  is  far  below  it  (i  to  5  per 
cent).  These,  as  also  the  clays  of  the  first  group,  claim  the  in- 
terest  of  the  brick-maker  in  a  less  degree  than  the  clays  of  the 
third  and  fourth  group,  because  they  are  not  fitted  for  the  pro- 
duction of  bricks  on  account  of  their  high  refractoriness; 
they  are  chiefly  used  for  the  finer  branches  of  ceramics  and  for 
the  manufacture  of  chamotte  brick.  Only  the  least  refractory 
clays  of  this  group  are  used  for  the  production  of  bricks  and 
terra  cotta,  as  for  instance  the  yellow  burning  clays  from  the 
lignite  beds  of  the  Lausitz  (Greppin,  Siegersdorf,  and  Bunzlau 
clays).  It  seems  as  though  in  these  clays  the  large  amount  of 
alumina  destroys  the  red  shade  of  ferric  oxide  as  lime  does  in 
other  clays  and  changes  it  to  a  yellow  or  yellowish  brown ;  this 
is  evident  from  the  fact  that  a  mixture  of  the  red  burning  clay 
of  the  third  group  and  white  burning  clay  of  the  first  group  does 
not  produce  pale  red  brick  in  consequence  of  the  dilution  of  the 
red  material  by  the  white,  but  that  the  red  passes  over  into  a 
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yellow  or  brown.  As  an  example  of  such  a  mixture  I  may  men- 
tion the  well-known  buff  brick  which  was  used  as  front  brick 
in  rebuilding  the  bank  building  in  Berlin. 

A  number  of  analyses  of  materials  which  belong  to  the  class 
of  the  yellow  or  brown  burning  clays  just  discussed,  low  in  lime, 
give  an  idea  of  the  relation  in  which  the  coloring  ferric  oxide 
stands  to  the  others,  the  non- coloring  constituents,  and  leads  to 
interesting  considerations,  especially  if  we  compare  the  propor- 
tions of  iron  oxide  in  the  various  specimens  with  each  other,  and 
also  with  the  analogous  figures  found  from  analyses  of  red 
burning  clays  given  later. 


Clay  from 

Poole 

(Bngland). 

Per  cent. 

Senften- 

berg. 
Per  cent. 

Neuwicd. 
Per  cent. 

Neuwied. 
Per  cent. 

Schoene- 

beck. 
Per  cent. 

Silicic  acid  -        -        - 
Altunina 
Ferric  oxide 
Calcium  oxide 
Magnesia     ... 
Potash     -        -        -        . 
Soda    ...        - 

59.61 

26.81 

2.03 

0.82 

0.44 

2.77 
0.80 

62.50 

21.30 

3.06 

0.58 

0.53 
2.18  ) 

0.81  ) 

56.05 

25.05 
4.68 
0.97 
1.23 

2.46 

64.37 
21.91 

3.04 
0.70 

1.37 
2.99 

75.38 
15.01 

2.39 
0.80 

2.38 

Chemically  bound  watery 
and  oi^anic  snbstances  j 

Color  after  burning  \ 
(hard  bum)        J 

Proportion  of  feme  oxide 
and  alumina     - 

7.46 

white  to 

ydlow- 

ishwhite 

1:13.2 

8.57 

light 
buff 

1:7.0 

9.10 

yellow 
to  buff 

1:5.4 

4.71 

yellow- 
ish bro'n 

1:7.2 

4.84 

yellow 
1:6.3 

From  the  analyses  we  see  that  from  the  absolute  quantity 
of  the  coloring  substance  no  reliable  conclusion  can  be  drawn  in 
regard  to  the  color  that  the  clay  takes  after  burning ;  a  large 
number  of  physical  and  chemical  conditions  which  now  escape 
observation  play  a  part  in  the  coloration ;  the  above-mentioned 
clays  have  in  common,  however,  that  they  all  show  a  shade  of 
color  which  varies  from  white  or  yellowish  white  to  brown,  ac- 
cording to  the  temperature  to  which  they  were  exposed. 

With  regard  to  the  color  phenomena  which  they  show,  these 
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clays  have  a  great  similarity  to  the  clays  of  the  fourth  group 
(those  rich  in  iron  and  lime),  but  are  distinguished  from  the  lat- 
ter by  their  great  refractoriness.  They  are  to  be  classified 
with  the  refractory  clays,  or  at  least  very  near  them,  and  in  pass- 
ing over  into  the  dense  porcelain-like  condition  they  never  assume 
the  green  color  characteristic  of  lime  clays,  but  generally  a  brown 
or  gray  color." 

In  the  above  representatives  of  clays  of  the  second  group 
it  is  seen  that  the  content  of  alumina  by  far  exceeds  the  con- 
tent of  ferric  oxide,  and  that  the  relations  by  weight  in  the  exam- 
ples mentioned  varies  between  i  :  5.4  and  1:13.  From  this  we 
deduce,  with  some  degree  of  probability,  assuming  like  tempera- 
tures and  like  porosity,  that  the  clays  of  this  group  will  bum  all 
the  lighter  the  less,  absolutely  and  relatively,  the  content  of 
ferric  oxide  in  them  is  as  compared  with  the  amount  of  alumina. 

3.  The  third  group  of  clays  is  formed  by  the  red  burning  clays, 
the  most  important  and  in  general  also  the  most  weather-resist- 
ant brick  materials.  They  show  a  smaller  amount  of  alumina 
and  generally  a  larger  amount  of  iron  than  the  materials  of  the 
preceding  group ;  for  this  reason  they  are,  on  the  whole, 
more  easily  fusible.  The  proportion  of  lime,  magnesia,  and 
alkalies  is,  as  a  rule,  only  small  with  the  clays  taking  an  intense 
color.  On  burning,  the  color  is  first  a  pale  red  which,  with  greater 
heat  and  increasing  density  of  the  mass,  passes  over  into  an  in- 
tense red,  later  on  into  a  violet-red,  and  finally  into  a  bluish 
black. 

The  analyses  of  clays  (page  113)  which  show  the  color  phe- 
nomena of  this  group  in  a  characteristic  way,  admit  of  a  com- 
parison with  the  clays  in  the  previous  table. 

We  see  that  in  these  pronounced  red  burning  clays,  the 
proportion  of  ferric  oxide  to  alumina  has  become  a  very  differ- 
ent one  from  that  of  the  preceding  group  and  the  amount  of 
ferric  oxide  is  only  one-half  or  one-third  as  large  as  the  amount  of 
alumina.  However  slight  the  qualitative  differences  are  in  the 
analyses  of  clays  of  the  second  and  third  group,  and  how  little 
the  constituents,  to  be  considered  as  fluxes,  vary,  both  groups 
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are  still  completely  characterized  by  the  relation  between  the 
ferric  oxide  and  alumina. 


Clay  from 

RAthenow 
(washed). 

Bock- 
hom^. 

70.22 

Schwarse- 
liiiette*. 

Ottweller. 

Ulm. 

Silicic  acid 

61.30 

79-43 

68.34 

56.33 

Alumina      -        -        - 

18.87 

13.67 

10.07 

16.25 

22.37 

Ferric  oxide     - 

6.66 

6.80 

5.35 

563 

7.64 

Calcium  oxide     - 

0.85 

FeOo.i2 

1.46 

Magnesia 

1.20 

1-30 

1.40 

1.49 

1.86 

Potash  ) 

Soda     J       '        "        ' 

3.20 

3.37 

2.36I 
1.62J 

3.79 

2.22 

Water      - 

8.28 

5.30 

4.32 

8.10 

Color  after  burning  \ 
(hard  bum)            j 

da.r1r  Ted 

dark  red 

dark 

dark  red  dark  red 

to  violet 

cheny-red 

Proportion  of  ferric  ox- 

ide to  alumina 

1:2.8 

1:2.0 

1:1.9 

1:2.9 

1:2.9 

Those  in  which  the  amount  of  alumina  is  not  more  than 
three  times  the  amount  of  ferric  oxide,  show  a  decided  red 
color ;  those  in  which  the  amount  of  alumina  is  five  and  a  half 
times  and  more  larger  than  the  amount  of  ferric  oxide  possess  a 
decided  brown  or  yellow  color ;  to  be  sure  there  are  still  other 
factors,  such  as  the  temperature  of  firing,  the  porosity,  or  vitrifi- 
cation of  the  clay,  which  will,  however,  change  the  limits  but 
little  since  they  probably  only  bring  about  a  change  in  the  shade 
of  the  one  or  the  other  color. 

Between  the  red  and  yellow  burning  clays  there  is  a  large 
series  of  intermediate  stages  that  correspond  to  a  proportion  of 
ferric  oxide  and  alumina  in  which  the  latter  is  large  enough  to 
modify  the  red  color,  but  not  suflScientiy  large  to  bring  about  a 
pronounced  yellow  color.  There  arises  from  this  a  large  series 
of  mixed  colors  which  cannot  be  used  for  the  purpose  of  face 
brick  and  terra  cotta  in  which  a  pronounced  pure  shade  or  color 
is  especially  desired. 

4.  The  fourth  group  which  contains  clays  of  no  less  impor- 
tance than  the  previous  one,  comprises  the  materials  high  in  cal- 

^  Material  of  the  famous  Oldenburg  paving  brick. 
*  Analyzed  in  the  burned  condition. 
8 


114  TREATISES  OF  A  GENERAL  SCIENTIFIC  NATURE 

cium  carbonate,  often  to  be  designated  as  clay  marls.  They 
have  a  special  interest  for  the  brickmaker,  because  they  are  much 
more  sensitive  in  regard  to  coloration  and  more  difficult  of  treat- 
ment than  the  foregoing,  since  difiFerences  in  color,  with  them, 
make  themselves  felt  in  a  much  higher  degree  in  burning. 

With  the  clays  high  in  lime  the  color  phenomena  appear  in 
an  inverse  order  from  those  appearing  in  the  clays  burning  yellow 
or  red ;  while  with  the  latter  the  color  becomes  darker  and 
darker  with  increased  temperature,  with  the  clay  marls  the  red 
color  of  the  iron  oxide  appears  first  at  a  low  temperature ;  at  a 
higher  temperature,  when  the  lime  begins  to  act  chemically  on 
the  silicates  of  the  clay,  the  red  color  diminishes  and  passes 
through  flesh  color  into  white  or  yellowish  white ;  on  more  ad- 
vanced vitrification  the  color  becomes  yellowish  green  or  green 
and  on  complete  melting  passes  over  into  dark  green  or  black. 

In  all  other  clays,  the  coloration  is  produced  by  the  iron 
oxide  whose  red  color  is,  however,  modified  by  the  presence  of 
lime  with  the  formation  of  silicates  of  iron  and  lime  that  have  a 
yellow  or  white  color ;  under  what  circumstances  such  an  influ- 

m 

ence  makes  itself  felt  has  been  discussed  elsewhere.* 

The  following  analyses  give  an  idea  of  the  composition  of 
such  brick  materials  that  contain  lime  and  bum  yellow. 

We  see  from  the  figures  that  the  absolute  amount  of  iron 
is  almost  as  large  as  that  in  the  clays  burning  red,  and  also 
that  the  ratio  of  the  iron  oxide  to  the  alumina  corresponds  to 
that  of  the  previous  group ;  in  fact  all  these  brick  materials  will 
give  a  red  color  on  weak  burning. 

The  general  assumption,  therefore,  that  the  amount  of  iron 
contained  in  the  yellow  burning  marls  is  smaller  than  in  the 
case  of  the  red  burning  clays  because  the  bricks  made  from  them 
frequently  take  on  an  almost  white  color,  is  not  at  all  justified 
and  is  not  the  case  with  the  marls  given  above,  to  be  considered 
as  types  of  such  materials,  although  possible  in  some  cases  on 
account  of  the  great  differences  in  composition. 

Prof.  Remmel6  has  pointed  out  that  the  yellow  color  is  due 

>  NotizbUtt,  1873,  No.  4. 
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Clay  from 

.*Vclten. 

StctUn. 

Netihof. 

Sccgedin. 

Birken- 
werder. 

t^abyssyn. 

Silicic  acid    - 
Altunina,  - 
Ferric  oxide, 
Calcitim  oxide,  - 
Magnesia,     • 
Potash, 
Soda,     - 
Carbon  dioxide. 
Water  and  or-  > 
ganic  substance; 

47.86 

11.90 

5.18 

14.96 
1.71 
2.65 
1. 01 

10.44 

4.64 

55.79 
9.29 

5.79 
18.78 

2.10 

55.02 

13.90 

4.53 

10.95 
1.76 

1.48 
8.64 

3.31 

56.07 
14.02 

5.49 

16.53 
0.69 

48.34 
11.63 

4.59 

15.87 
1.79 

2.78 
II. 71 

5.28 

46.67 
13.06 

5.31 
11.46 

4.08 

3.33 
0.70 

10.40 
4.30 

Color  after   burn- 
ing. 

(  soft  bum :  red  to  flesh  color  ;  hard  bum  :  yellowish  white  to 
\  sulphur-yellow ;  ritrification :  yeUowish  green  to  green. 

Ratio  of  feme  ox- 
ide to  alumina, 

Ratio  of  ferric  ox- 
ide  to    calcium 
oxide. 

}  1:2.3 
•  1:2.9 

1:1.6 
1:3.2 

1:3.1 
1:2.2 

1:2.5 
1:3.0 

1:2.5 
1:3.5 

1:2.4 
1:2.2 

altogether  to  the  presence  of  a  large  amount  of  lime  which  enters 
into  a  yellow  or  yellowish  white  combination  with  the  other 
elements  of  the  clay  when  vitrification  begins ;  it  was  left  unde- 
cided, however,  what  proportion  of  lime  was  required,  compared 
with  the  other  constituents  especially  oxide  of  iron,  in  order 
to  change  the  red  color  of  the  latter  into  yellow. 

In  the  analyses  given  above  the  ratio  of  the  iron  oxide  to 
lime  varies  between  i :  2  and  i  :  3.  We  may  assume,  however, 
since  the  materials  investigated  show  the  yellow  coloration  in  a 
very  characteristic  way,  that  the  proportion  of  lime  can  decrease 
still  more  without  losing  entirely  its  eflPect  on  the  iron  oxide. 

An  attempt  has  been  made  to  solve  this  question  synthet- 
ically. The  red  burning  Rathenow  clay,  whose  analysis  is  given 
above,  was  mixed  with  pure  calcium  carbonate  obtained  by  pre- 
cipitating from  calcium  chloride  in  dififerent  proportions  so  that, 
for  one  part  of  iron  oxide  i,  2,  3,  up  to  8  parts  of  calcium 
carbonate  were  added.  Taking  into  consideration  the  small 
amount  of  lime  contained  in  the  clay,  the  ratio  of  the  iron  oxide 
to  the  lime  in  the  samples  was  as  follows : 
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Experiment  01234 

1:0.13     1:0.48    1:0.83     1:1.18    1:1.53 

Experiment  5678 

1:1.88    1:2.23     1:2.58     1:2.93 

These  nine  samples  in  the  form  of  slabs,  10  cm.  long  and 
1.5  cm.  thick  were  exposed  to  a  moderate  red  heat  in  a  muffle, 
surrounded  by  flame,  in  a  kiln  heated  with  illuminating  gas  so 
that  all  were  subjected  to  the  action  of  the  heat  under  the  same 
conditions ;  after  cooling  all  the  samples  were  found  to  be  colored 
red  without  any  considerable  diflFerence  in  shade.  The  samples 
were  then  exposed  to  a  higher  temperature,  a  bright  red  heat 
After  cooling,  quite  difiFerent  phenomena  appeared ;  they  had  all 
passed  into  the  condition  which  in  brick-making  is  called  hard 
burning.  The  colors  of  the  samples  o,  .1,  2,  3  had  remained  red 
but  had  taken  on  a  disagreeable  shade  proportionate  to  the  lime 
which  they  contain ;  four  showed  a  yellowish  brown  layer  about 
I  mm.  thick,  but  still  colored  red  in  the  interior ;  in  5  and  6  the 
yellow  layer  became  thicker  while  the  fracture  of  samples  7  and 
8  was  found  to  be  quite  yellow,  on  breaking,  with  a  grayish 
cast  From  this  we  can  see  that  the  yellow  coloration  appears 
first  and  most  readily  with  the  mixtures  high  in  lime,  and  also 
that  a  proportion  of  i  :  1.5  between  ferric  oxide  and  lime  (in 
sample  4)  seems  sufficient  to  produce  a  yellow  color  at  a  tem- 
perature sufficiently  high  and  continued  long  enough. 

In  all  the  analyses  given  above  the  lime  content  is  much 
higher  than  this  proportion. 

The  true  yellow  burning  clays  are  followed  by  those  in 
which  the  proportion  of  lime  is  not  large  enough  to  produce 
the  yellow  color.  With  these  appears,  however,  the  phenome- 
non which  is  characteristic  of  calcareous  clays,  namely,  that 
with  increasing  heat  the  red  color  pales  more  and  more,  while 
with  the  real  red  burning  clays  it  becomes  darker  under  the 
same  conditions. 

In  the  foregoing  remarks  we  had  in  mind,  on  the  one  hand 
only  the  phenomenon  of  color  which  the  materials  show  in  the 
body  and  on  the  surface  as  far  as  this  color  corresponds  with 
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that  of  the  fracture;  on  the  other  hand  only  those  which  may 
be  referred  to  the  effect  of  the  ferric  oxide.  In  the  above  analy- 
ses, therefore,  the  iron  has  always  been  given  as  ferric  oxide. 

Surface  colors  as  they  are  produced  by  the  efflorescence  of 
salts  during  the  process  of  drying,  by  the  action  of  fire  gases  and 
water  vapors  during  the  water-smoking  process,  by  the  deposi- 
tion of  dust  and  alkali  vapors,  may  for  the  present  be  left  un- 
considered as  chance  phenomena  or  such  as  may  be  explained 
by  irrational  management.  It  remains,  therefore,  to  explain 
those  phenomena  which  are  caused  by  the  influence  of  the  lower 
oxidation  of  iron,  the  ferrous  oxide. 

Not  only  among  brick-makers,  but  also  among  chemists,  the 
view  is  generally  held  that  the  red  color  of  burned  clays  is  to  be 
ascribed  to  ferric  oxide,  the  yellow  color,  on  the  other  hand,  to 
the  presence  of  ferrous  oxide,  and  that,  therefore,  in  burning, 
red  bricks  can  be  produced  in  those  parts  of  the  kiln  where  there 
is  an  abundant  supply  of  air,  or  if  in  cooling,  air  can  get  at  the 
red  hot  bricks. 

Prof.  Remmel^  has  already  proved'  that  in  two  brick  clays, 
examined  in  the  laboratory  of  the  Mining  Academy,*  which 
contained  in  the  raw  condition  large  amounts  of  ferrous  oxide, 
and  of  which  the  one  bums  red  and  the  other  yellow,  neverthe- 
less, after  burning,  the  iron  existed  only  in  the  ferric  state. 

Prom  this  he  draws  the  conclusion  that  the  ferrous  oxide  is 
no  longer  a  normal  constituent  of  porous  burned  products,  but 
is  always  changed  into  ferric  oxide  on  heating,  and  that  in  the 
one  case  the  yellow  color  was  to  be  ascribed  solely  to  the  large 
amount  of  lime  present  At  the  last  general  meeting  of  the 
German  Society  for  the  Manufacture  of  Bricks,  etc.,  Mr.  Mend- 
heim  brought  forth  the  claim  that  in  burning  bricks  with  gas 
the  yellow  brick  became  red  in  those  parts  of  the  kiln  where  an 
oxidizing  flame  prevails,  and  remain  yellow  in  a  neutral  and  re- 
ducing flame.     This  has  led  me  to  investigate  this  matter  more 

>  Remarks  Concerning^  the  Condition  of  Oxidization  of  Iron  and  Some  Reactions 
of  Brick  Kilns,  Notizblatt,  (1868),  p.  173. 
»  Notizblatt,  (1867),  P-  119- 
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closely,  and  to  examine  a  series  of  red  and  yellow  bricks,  both 
containing  lime  and  free  from  lime  with  regard  to  the  amount 
of  ferrous  oxide  contained  in  them,  and  I  must  confirm  the  re- 
sults of  Prof.  Remmel^,  with  the  limitation  that  I  have  found 
ferrous  oxide  in  all  cases  in  such  small  amounts,  that  an  essen- 
tial influence  upon  coloration  cannot  be  ascribed  to  it,  and  also 
that  the  amount  of  protoxide  may  be  quite  large  in  porous  bricks 
without  causing  any  noticeable  difiFerence  in  the  color,  while 
with  porcelain-like  vitrified  bricks,  free  from  pores,  the  color 
changes  appear  in  a  more  pronounced  degree.  Among  the  de- 
terminations of  ferrous  oxide,  those  need  especially  to  be  em- 
phasized in  which  different  colors  appear  in  one  brick,  where  it 
must  be  assumed,  therefore,  that  slight  variations  in  chemical 
composition  are  the  cause  of  the  differences  in  color. 

I  shall  classify  the  determinations  of  the  ferrous  oxide  in 
the  same  way  as  was  done  with  the  color  phenomena  of  the  fer- 
ric oxide,  and  afterwards  deduce  the  conclusions  to  be  drawn 
from  them. 

Group  I.    White  clays — ^none. 

Group  II.  Clays  burning  yellow  to  brown,  high  in  alumina, 
low  in  lime : 


Ferric  oxide. 
Per  cent. 

Ferrous  oxide. 
Per  cent. 

Bricks  from  Senftenberg,  yellow,   - 
Bricks  from  Senftenberg,  yellowish  white, 

3.28 
3.29 

0.14 
0.42 

Group  III.  Clays  burning  red : 

Ferric  oxide. 
Per  cent 

Ferrous  oxide. 
Per  cent. 

Rathenow  building  brick,       -        -        -        - 
Clinkers  from  Schwarzehuette : 

Dark  cherry-red, 

Dark  greenish  in*ay, 

Dark  violet, 

7.07 

5. 35 
3.43 
2.14 

0.18 

0.12 
1.85 
3.01 
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Group  IV.  Clays  burning  yellow  to  green  containing  much 
lime : 


Ferric 

oside 

Per  cent. 

oxide. 
Per  cent. 

Sulphvric 

add. 
Per  cent. 

Birkenwerder,  yellow  face  brick,     .        -        - 

5.26 

0.16 

Velten,  yellow  stove  tiles,   -        -        -        - 

4.84 

1. 17 

Brick  from  Neubof,  wbite  reddish, 

3.18 

1. 19 

Brick  from  Nenhof,  yellowish  green,  - 

2.01 

2.85 

Brick,  Hungarian  size,  origin  unknown — ^pale 

red  and  yellowish  green : 

Red  portion, 

— 

0.33 

Yellow  portion, 

— 

0.32 

Brick  from  Cuestrinchen,  pale  red  and  dark 

yellow: 

Red  portion, 

— 

0.14 

2.49 

Yellow  portion, 

— 

0.15 

O.II 

Stove  tiles  from  Stettin,  dark  red  and  light 

yellow : 

Red  portion, 

4.90 

0.29 

14.71 

Yellow  portion, 

5.50 

0.27 

0.52 

In  most  cases  brick  clays  contain  larger  or  smaller  amounts 
of  organic  substance  which  is  destroyed  in  heating,  and  in  many 
cases  can  bring  about  a  reduction  of  the  ferric  oxide.  Thus  Rathe- 
no  w  clay,  slightly  heated  in  a  covered  crucible,  contained  2.20 
per  cent  of  ferrous  oxide.  The  ferrous  oxide  formed  seems  very 
unstable  on  igniting  in  the  presence  of  air  and  goes  over  into 
ferric  oxide.  The  above-named  sample  of  Rathenow  clay  con- 
tained only  0.76  per  cent  of  the  lower  oxide  after  igniting  one 
hour  in  air,  and  the  small  amount  of  ferrous  oxide  (0.1  to  0.3 
per  cent)  observed  in  all  cases  with  normally  burned  brick  must 
be  looked  upon  as  a  remnant  that  has  escaped  oxidation.  Clay 
wares  containing  much  ferrous  oxide  produced  by  blue  smoking, 
have  a  bluish  black  to  graphite-gray  color,  a  color  which  can 
be  produced  by  heating  brick  of  any  color  whatever  in  a  current 
of  hydrogen  gas.  This  dark  color  is,  however,  very  unstable  at 
higher  temperatures.     If  air  were  able  to  enter  the  kiln  through 
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cracks,  while  the  cooling  is  going  on,  smoked  brick  take  on 
their  original  color,  and  it  is  very  difficult  to  preserve  the  gray 
or  black  color.  From  this  and  the  above  analytical  proofs  it  is 
evident  that  the  yellow  color  of  a  clay  can  in  no  case  be  explained 
by  the  amount  of  ferrous  oxide  in  it,  and  therefore  the  red  color 
of  yellow  bricks  after  or  during  the  burning  has  nothing  to  do 
with  the  oxidation  of  the  iron,  since  even  in  the  yellow  bricks 
the  iron  is  present  as  ferric  oxide,  I  have  shown  elsewhere'  that 
a  red  color  can  appear  in  clays  containing  lime  if  the  lime  takes 
up  sulphuric  acid  from  the  fire  gas  ;  and  since  the  calcium  sul- 
phate formed  is  decomposed  by  the  silicic  acid  only  at  a  tempera- 
ture lying  above  that  of  the  burning  temperature,  the  lime  can- 
not act  on  the  iron  oxide  which  then  remains  as  the  sole  color- 
ing constituent  In  the  two  last  mentioned  clay  bodies  that 
were  colored  yellow  and  red,  the  cause  of  the  coloration  is  to 
be  referred  to  this  cause  according  to  the  determinations  of  sul- 
phuric acid  made. 

There  is  a  second  cause  for  the  red  color  of  calcareous  clays, 
and  this  holds  true  when  the  temperature  of  burning  is  not  suffi- 
ciently high  to  render  all  of  the  lime  completely  active ;  I  believe 
that  Mr.  Mendheim's  observation  is  to  be  traced  solely  to  this 
cause. 

It  is  a  well-known  fact  that  very  high  temperatures  as  they 
are  used  in  the  production  of  iron  and  the  manufacture  of  por- 
celain, are  attained  only  if  a  surplus  of  combustible  gases  is 
present  in  the  flame,  or  if  we  burn  with  an  intense  flame,  as  it 
is  expressed.  In  a  kiln  in  which  the  mixture  of  the  gases  is  in 
part  oxidizing  and  in  part  reducing,  the  temperature  in  all  cases 
is  lowest  where  an  excess  of  air  is  present  The  cause  of  the 
red  coloration  in  the  case  mentioned  is  not  to  be  ascribed  to  the 

m 

oxidizing  effect  of  the  excess  of  air,  but  to  the  circumstance  that 
through  it  the  temperature  was  lowered.  Even  in  case  a  for- 
mation of  ferrous  oxide  has  taken  place  by  burning  under  the 
influence  of  reducing  fire  gases,  the  burned  products,  especially 
in  a  continuous  kiln,  are  under  the  influence  of  a  current  of 
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strongly  heated  atmospheric  air  sufficiently  long  to  allow  a  par- 
tial or  complete  change  to  ferric  oxide  to  take  place. 

This  is  shown  by  the  following  experiment :  A  prism  of 
Senftenberg  clay,  about  i  cm.  thick  and  8  cm.  long,  which  by 
strong  burning  had  taken  on  a  buff  color  (ferric  oxide,  3.28  per 
cent,  ferrous  oxide,  0.14  per  cent),  was  broken  into  two  parts 
and  the  one  heated  for  some  time  in  a  current  of  hydrogen  to  a 
moderate  red  heat  and  allowed  to  cool  in  the  current  of  the  gas. 
After  breaking,  the  clay  showed  a  uniform  ashen  gray  color.  A 
gray-colored  piece  was  now  heated  about  two  hours  in  a  cruci- 
ble in  the  presence  of  air.  After  cooling,  it  was  again  colored 
yellow  through  and  through  and  the  shade  corresponded  en- 
tirely with  the  original  one. 

That  not  only  in  porous  clay,  as  in  this  experiment,  but  also 
in  vitrified  clays  like  porcelain,  a  change  to  ferric  oxide  takes  place 
during  cooling  (of  course,  somewhat  retarded  by  the  density  of 
the  mass)  is  shown  by  the  examination  of  the  clinker  from 
Schwarzhuette.  It  had,  externally,  a  very  intense  and  pure  red 
color  and  when  broken  showed  itself  completely  vitrified  and 
very  homogeneous.  In  the  middle  of  the  brick  there  appeared 
a  red  core  whose  color  agreed  with  the  color  of  the  surface  sur- 
rounded by  a  darker  zone  about  2  mm.  wide.  The  color  grada- 
tion was  the  same  on  both  sides  and  had  the  following  shades 
from  within  towards  the  outside :  Cherry-red,  grayish  red,  gray- 
ish green,  blackish  violet,  grayish  green,  grayish  red,  and  cherry 
red ;  the  external  red  color,  the  real  color  of  the  brick,  appeared 
in  a  layer  not  exceeding  i  mm.  at  most  places.  The  grayish 
red  part  likewise  had  only  a  slight  extent  and  no  material  could 
be  obtained  for  an  analysis.  The  cherry-red,  grayish  green,  and 
violet  portions,  however,  were  examined.  The  analysis  showed  : 
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Cherry-red. 

Blackish  Tiolet  pottioti 

Per  cent. 

Per  cent. 

Per  cent. 

Silicic  acid,  - 

7943 

Alumina   -        -        -        - 

10.07 

Ferric  oxide, 

5.3s 

3.43 

2.14 

Ferrous  oxide,  - 

0.12 

1.85 

3.01 

lyime,    -        -        -        - 

trace 

Magnesia,         ... 

1.40 

Potash, 

2.36 

Soda,         ...        - 

1.62 

100.35 

The  color,  therefore,  becomes  darker  with  a  larger  amount 
of  ferric  oxide. 

The  phenomenon  can  be  interpreted  in  no  other  way  except 
that  setting  out  from  the  surface  a  reduction  of  ferric  oxide  to 
ferrous  oxide  toot  place  under  the  influence  of  the  flame  with- 
out transmitting  the  efiPect  to  the  innermost  part  of  the  brick ; 
later  on,  cooling  and  oxidation  took  place  again,  likewise  be- 
ginning at  the  surface  which  has  completely  restored  the  normal 
color  of  the  brick  at  the  surface  and  in  the  lower  part  has  pro- 
duced at  least  a  decrease  in  the  amount  of  ferrous  oxide  without 
reaching  those  parts  in  the  interior  of  the  body  that  have  been 
most  reduced. 

The  determination  of  the  ferrous  oxide  beside  the  ferric 
oxide,  which  formerly  offered  some  diflSculties  with  silicates  not 
decomposed  by  acids,  was  carried  out  according  to  a  modifica- 
tion of  Finkner's  method  which  has  also  been  used  by  Prof. 
Remmel^  in  his  contribution  :  "  Remarks  Concerning  the  Oxi- 
dation Conditions  of  the  Iron  in  Clays  and  Some  Reactions  in 
Brick  Kilns."  In  place  of  the  potassium  fluoride  finely  powdered 
naturally  occurring  cryolite  (sodium  and  aluminum  fluoride)  free 
from  iron  was  used.  The  method  was  carried  out  so  that  i  gram 
of  the  extremely  finely  ground  material,  together  with  2  grams 
cryolite,  was  treated  in  a  large  platinum  dish  with  25  cc.  of  di- 
lute sulphuric  acid  and .  boiled  for  some  time.     The  decompo- 
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sition  of  the  silicate,  the  completion  of  which  may  be  known 
when  the  liquid,  at  first  dark-colored,  has  become  entirely  color- 
less and  almost  clear,  rendered  slightly  turbid  only  by  the  pre- 
cipitated silicic  acid  or  calcium  sulphate  takes  place  after  boil- 
ing from  fifteen  to  twenty  minutes.  Then,  after  thorough  cool- 
ing, the  liquid  was  diluted  with  one-half  liter  of  water  and  the 
quantity  of  the  dissolved  ferrous  oxide  determined  in  the  usual 
way  with  a  solution  of  potassium  permanganate.  The  deter- 
mination of  the  total  content  of  iron  was  done  in  the  ordinary 
way  by  reduction  in  a  sulphuric  acid  solution  by  means  of  amal- 
gamated zinc  and  platinum  and  titrating  with  potassium  per- 
manganate. Prom  the  total  content  of  iron  and  the  difference 
of  the  ferric  oxide  corresponding  to  the  ferrous  oxide,  there  is 
obtained  the  quantity  of  ferric  oxide  present  In  order  to  ex- 
clude any  errors  which  might  be  caused  by  impurities  of  the 
cryolite  or  sulphuric  acid  a  blank  determination  was  made  by 
dissolving  2  grams  of  cryolite  alone  in  25  cc.  of  dilute  sulphuric 
acid  boiling,  diluting  with  one^half  liter  of  water  and  titra- 
ting with  permanganate  solution.  The  red  color,  indicating  the 
absence  of  reducing  substances,  is  shown  immediately  after  add- 
ing the  first  drop. 


The  Influence  of  Fire  Gases  upon  Clays  and  the  Color 

Phenomena  Connected  with  It 
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The  color  changes  which  differ  from  the  ordinary  ones  pe- 
culiar to  clay  and  which  are  caused  by  the  burning  process  in 
the  case  of  unglazed  wares  are  due  to  two  causes : 

1.  A  more  or  less  energetic  chemical  action  which  is  pro- 

duced by  the  increased  temperature  alone  or  by  the 
effect  of  constituents  contained  in  the  fire  gases. 

2.  A  greater  or  less  increase  in  the  specific  gravity  of  the 

mass  by  vitrification,  a  physical  change. 
By  examining  these  causes  more  closely,  and  later  on  learn- 
ing to  know  the  burning  process  better,  we  are  enabled  to  judge 
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to  what  causes  the  irregular  coloration,  especially  prominent  in 
the  continuous  kiln,  is  to  be  ascribed ;  not  only  upon  the  color- 
ing phenomena  appearing  in  the  continuous  kiln,  but  also  upon 
those  in  other  kilns  will  the  following  investigation  shed  more 
light. 

In  order  to  determine  the  chemical  influences  to  which  clay 
wares  are  subjected  during  the  burning  process  it  would  seem 
necessary  on  account  of  the  variety  of  the  constituents  occurring 
in  the  fire  gases  and  the  difiPerent  behavior  of  clays  towards  them, 
as  well  as  in  regard  to  the  complexity  of  the  phenomena  to 
adopt  the  synthetic  way  of  producing  the  phenomena  of  colora- 
tion artificially  and  noticing  the  chemical  changes  of  clays  con- 
nected with  these  color  phenomena. 

In  this  way  we  are  enabled  to  refer  the  individual  color 
phenomena  to  the  effect  of  a  single  or  several  substances  acting 
at  the  saime  time,  and  in  the  course  of  our  investigation  we  shall 
see  that  this  way  leads  to  very  interesting  results  capable  of  di- 
rect application  in  the  practical  management  of  kilns,  results 
which  will  explain  nearly  all  the  color  phenomena  occurring  in 
practice  and,  therefore,  may  claim  the  greatest  interest. 

The  constituents  of  fire  gases  whose  effect  on  clays  has  been 
investigated,  may  be  divided  into  normal  constituents,  that  is, 
such  which  appear  in  every  combustion  no  matter  what  kind  of 
fuel  is  used,  and  which  may  be  oxidizing  or  reducing,  and  acci- 
dental constituents  which  owe  their  presence  in  the  fire  gases  to 
the  impurities  of  the  fuel  used. 

As  normal  constituents  of  the  flame  we  may  consider,  nitro- 
gen, oxygen,  carbon  dioxide,  carbon  monoxide,  hydrogen,  am- 
monia, hydrocarbons,  and  water  vapor,  and  as  accidental  con- 
stituents present  in  nearly  all  fire  gases,  sulphur  vapor,  hydro- 
gen sulphide,  carbon  disulphide,  and  sulphurous  acid.  As  in- 
different substances,  even  at  a  high  temperature,  there  are  left 
out  of  consideration,  nitrogen  and  carbon  dioxide  and  also  water 
vapor,  because  it  has  injurious  effects  only  at  a  low  temperature 
at  which  its  condensation  and  absorption  by  the  pores  of  the  un- 
bumed  clays  takes  place. 
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These  substances  were  produced  in  the  purest  condition 
possible.  This  is  not  the  place  to  enter  into  a  discussion  in  re- 
gard to  their  production  ;  I  will  only  indicate  what  clays  were 
investigated  and  in  what  manner  they  were  acted  upon. 

In  the  previous  chapter  I  divided  the  clays  into  four  classes 
in  regaid  to  color  phenomena  that  appear  on  burning,  and  sub- 
jected one  representative  of  each  kind  to  an  examination  as  ap- 
pears from  the  following*: 

1.  Clays  burning  yellow,  containing  iron  and  lime — clay 

marls.  Representative :  brick  clay  from  Birkenwerder. 

2.  Clays  burning  red,  containing  iron,  low  in  alumina,  free 

from  lime — the  red  burning  brick  clays  and  loams. 
Representative :  clay  from  Rathenow. 

3.  Clays  burning  white  or  yellow,  free  from  lime,  low  in 

iron — ^pipe  clays,  plastic  fire  clays,  lignite  clays.  Rep- 
resentative :  clay  from  Greppin,  near  Bitterfeld. 

4.  Clays  burning  white,  low  in  iron  and  high  in  alumina — 

kaolins.  Representative :  kaolin  from  Zettlitz. 
Of  these  four  clays,  small  rectangular  tiles  about  4  to  5  mm. 
thick  were  made  and  several  of  them  placed  together  into  a  large 
platinum  crucible  covered  with  a  porcelain  lid  provided  with  a 
hole ;  thereupon  the  gas,  whose  effect  was  to  be  studied,  was 
conducted  into  the  crucible  in  a  strong  current  by  means  of  a 
fine  porcelain  tube  so  that  the  crucible  could  be  heated  to  a 
bright  red  heat  by  means  of  three  gas  burners. 

Division  I. — Color  Phenomena  of  the  Yellow  Burning 
Clays  Containing  Lime  (Birkenwerder  Clay) 

The  effect  of  oxygen  alone,  introduced  in  a  current  of  air 
into  the  crucible,  showed  the  following  colors  after  heating  : 
At  dark  red  heat — a  dirty  red ; 
At  moderate  red  heat — ^flesh  color ; 
At  strong  red  heat — ^yellow  with  brownish  cast. 
The  chemical  change  of  clays  connected  with  these  colors, 
consists  in  the  expulsion  of  the  water  and  carbon  dioxide,  com- 
bustion of  the  organic  substance,  oxidation  of  iron  compounds 


126  TREATISES  OF  A  GENERAL  SCIENTIFIC  NATURE 

to  ferric  oxide  and  union  of  the  ferric  oxide  and  lime  with  the 
silicates  of  the  clay  to  a  combination  of  a  light  color. 

For  practical  work  we  can  deduce  the  following  conclusions : 
"  When  there  is  a  large  amount  of  unused  oxygen  present  in  the 
fire  gases  the  clays  containing  lime  take  on  a  color  which  varies 
according  to  the  temperature^  between  dirty  red  and  light  yel- 
lowish broivny 

Influence  of  hydrogen. — The  influence  of  pure  hydrogen, 
even  when  it  acted  only  for  a  short  time,  with  the  precaution  that 
the  cooling  of  the  samples  took  place  under  exclusion  of  air, 
which  was  brought  about  by  supplying  the  hydrogen  until  they 
were  quite  cool,  showed  an  intense  uniform  blackening  of  the  mass 
appearing  on  the  surface  as  well  as  in  the  interior.  This  dark 
color,  however,  disappears  after  a  short  heating  in  the  presence 
of  air ;  that  is,  in  the  presence  of  oxygen.  Those  colors  then 
reappear  which  are  produced  on  heating  in  an  atmosphere  con- 
taining oxygen,  only  with  the  difference  "  that  the  flesh  color  has 
a  whitish  cast  at  a  moderate  red  heaty  and  the  yellow  has  a  yel- 
lowish green  tinge  at  a  bright  red  heaty 

This  darkening  cannot  come  from  carbon  since  it  appears 
in  test  pieces,  which  had  been  previously  heated,  and  with  the 
use  of  pure  hydrogen,  but  has  its  cause  in  the  reduction  of  the 
iron  compound,  first  to  ferroso-ferric  oxide,  then  to  the  ferrous 
oxide,  and  finally  to  metallic  iron  (as  will  be  shown  later  on). 
On  heating  in  air  this  blackening  vanishes  again,  and  after  two 
hours  we  find  no  ferrous  oxide,  but  only  ferric  oxide  present  in 
the  clay.  Accordingly,  also  the  light  colors  of  calcareous  clays 
are  to  be  ascribed  to  an  oxidizing  efiPect  of  the  air  on  burning  or 
cooling. 

Quite  the  same  phenomena  as  hydrogen  produces,  are  pro- 
duced by  the  other  reducing  agents  found  in  the  fire  gases,  car- 
bon monoxide,  carburetted  hydrogen,  and  ammonia. 

Reducing  agents,  therefore,  may  be  said  to  bring  about  a 
darkening  which,  on  supplying  air,  changes  again  to  the  colors 
characteristic  for  burning  in  air.  Afier  prezrious  reduction^  how- 
every  the  colors  brought  out  again  by   the  effect  of  the  oxy- 
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gen  are  lighter^  passing  into  white  or  light  green^  then  without 
such  a  previous  reduction. 

A  temporarily  reducing  flame  in  the  kiln^  therefore^  con- 
tributes very  much  to  developing  the  light  color  of  clays  contain-' 
ing  lime. 

Of  especial  interest  were  the  phenomena  which  are  produced 
by  the  sulphur  compounds  in  the  fire  gases,  since  I  have  stated 
before  that  the  intensely  red  flashes  and  spots  which  form  dur- 
ing the  burning— especially  in  the  continuous  kiln— owe  their 
origin  to  a  considerable  amount  of  sulphuric  acid  that  it  has 
taken  up. 

A  sample  of  Birkenwerder  clay  heated  for  two  hours  at  a 
dark  red  heat  in  a  mixture  of  sulphurous  acid  and  air  was  col- 
ored dark  reddish  brown  and  contained  13.60  per  cent  of  sulphuric 
acid. 

The  same  clay  heated  in  a  current  of  illuminating  gas,  fed 
at  the  same  time  with  carbon  disulphide,  smelled  very  much 
like  hydrogen  sulphide  when  breathed  upon  and  contained  6.75 
per  cent  sulphur.  On  heating  in  the  air  the  leather-brown  color 
vanished  with  the  evolution  of  sulphuric  acid  and  passed  over 
into  the  same  striking  red-brown  color  which  appeared  by  heat- 
ing in  sulphurous  acid  and  air.  After  this  reoxidation  the  content 
of  sulphuric  acid  was  14. 11  per  cent. 

Heating  the  clay  in  an  atmosphere  of  sulphur  vapors  or 
hydrogen  sulphide  or  in  mixtures  of  hydrogen,  carbon  monoxide 
or  illuminating  gas  with  sulphurous  acid,  produced  the  same 
phenomena  as  with  carbon  disulphide. 

Sulphur  compounds  of  all  kinds  in  the  fire  gases,  whether 
in  the  presence  of  oxygen  or  absence  of  the  same,  and  consequent 
presence  of  combustible  gases,  are  taken  up  with  great  eagerness 
by  the  lime  clays  under  the  formation  of  calcium  sulphate,  cal- 
cium sulphide,  and  iron  sulphide ;  in  the  presence  of  oxygen  the 
latter  two  also  cause  the  formation  of  calcium  sulphate. 

This  reaction  is  accompanied  by  an  intense  red  coloration 
of  the  clay,  pronounced  at  the  surface  and  weakening  towards 
the  interior.  The  clay,  colored  red  by  sulphur  compounds  taken  up, 
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loses  its  color  completely  when  kept  for  some  time  in  a  redu- 
cing atmosphere,  free  from  sulphur,  the  sulphuric  acid  being  de- 
composed by  the  reducing  influences  into  volatile  sulphurous 
acid  and  the  lime  is  again  taken  up  as  silicate.  This  reaction, 
directly  opposed  to  the  previous  one,  takes  place  only  at  a  high 
temperature  and  not  at  a  moderate  red  heat. 

In  a  test-piece  which  showed  14.11  per  cent  of  sulphuric 
acid,  this  amount  of  acid  was  reduced  to  2.31  per  cent  by  heat- 
ing half  an  hour  in  a  current  of  illuminating  gas  and  subse- 
quently heating  in  the  air  when  the  dark  red  color  of  the  sam- 
ple had  passed  into  yellowish  green. 

"  In  the  presence  of  oxygen  as  well  as  in  the  presence  of 
reducing  gases  {carbon  monoxide^  hydrocarbons^  hydrogen^  etc.)y 
sulphur  compounds  are  absorbed  in  large  amounts  by  the  iron 
and  lime  of  the  clay  marls  at  a  slight  or  moderate  red  heatl 
This  absorption  is  always  characterized  by  a  very  intense  red 
color  of  the  clay?^ 

The  pronounced  red  brought  about  by  the  absorption  of 
sulphuric  cund  is  completely  destroyed  at  a  high  temperature 
and  changed  to  the  normal  greenish  yellow  color  by  the  action  of 
reducing  gases  (hydrocarbofis^  hydrogen^  and  carbon  monoxide). 

Division  II. — Color  Phenomena  of  Red  Burning  Clays 
Containing  Iron  and  Free  from  Lime 

(Rathenow  Clay) 

The  phenomena  which  appear  due  to  the  influence  of  the 
fire  gases  upon  this  class  of  clays  which  are  used  frequently  for 
the  manufacture  of  brick  and  terra  cotta,  are  not  near  so  promi- 
nent as  in  the  ones  mentioned  before,  and  they  cause  much  less 
difliculty  with  reference  to  the  production  of  pure  colors.  The 
various  shades  of  color  are  here  produced  chiefly  by  the  smaller 
or  greater  amount  of  coloring  ferric  oxide  and  the  degree  of  den- 
sity which  the  clays  attain  in  burning. 

The  action  of  air  alone  during  the  heating  caused  the  char- 
acteristic red  color  of  the  clay  to  appear,  which  is  the  deeper,  the 
higher  the  temperature  applied.     The  chemical  change  of  the 
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clay  consists  in  the  expulsion  of  the  chemically-bound  water, 
the  burning  of  the  organic  substances  and  the  changing  of  all 
iron  compounds  to  ferric  oxide. 

Through  the  influence  of  hydrogen^  as  well  as  of  the  other 
above-named  constituents  of  fire  gases  which,  like  it,  have  a  re- 
ducing e£Eect  (carbon  monoxide,  hydrocarbons,  ammonia),  iden- 
tical phenomena  appear,  as  we  have  found  in  the  case  of  the 
Birkenwerder  clay,^-only  with  a  more  intense  coloration  on 
account  of  the  greater  amount  of  iron  contained  in  the  Rathe- 
now  clay.  The  trials  of  the  Rathenow  clay  ignited  in  a  redu- 
cing atmosphere,  appeared  grayish  black  with  the  use  of  pure  hy- 
drogen, when  the  time  of  action  was  short,  but  velvety  black,  with 
a  longer  time  for  the  reaction.  On  account  of  the  larger  amount 
of  iron,  this  clay  ofiEered  a  better  opportunity  for  a  more  care- 
ful investigation  of  the  effect  of  hydrogen.  This  can  only  ex- 
tend to  iron  compounds  since  its  combinations  alone  can  be 
a£Fected  by  reducing  or  oxidizing  influences  at  the  burning  tem- 
perature. 

Several  small  tiles  of  Rathenow  clay,  weighing  altogether 
10  grams,  were  strongly  ignited  for  some  hours  in  a  current  of  air 
until  repeated  weighings  indicated  no  loss  of  wei^^ht  An  exam- 
ination of  a  tile  then  taken  out  showed  that  all  iron  compounds 
had  been  changed  to  the  red  coloring  ferric  oxide.  The  amount 
of  ferric  oxide  was  7.27  per  cent  Now  the  samples  were  heated 
in  an  atmosphere  of  pure  hydrogen.  In  this  they  sufFered  a  loss 
of  weight,  because  the  ferric  oxide  contained  in  it  was  changed  to 
a  lower  state  of  oxidation  by  the  loss  of  oxygen.  Prom  this  loss 
in  weight  we  can  find,  by  calculation,  how  far  the  effect  of  the 
hydrogen  or  of  the  other  constituents  of  the  gases  acting  in  an 
analogous  manner,  has  extended.  This  is  not  the  place  to  dis- 
cuss these  calculations ;  it  is  sufficient  to  give  the  results. 

After  heating  for  two  hours  in  an  atmosphere  of  hydrogen,  at 

a  cherry-red  heat,  the  Rathenow  clay  contained  1.97  per  cent  of 

ferric  oxide  and  4.77  per  cent  of  ferrous  oxide;  after  heating 

two  hours  more  at  a  light  red  heat  it  contained  0.88  per  cent 
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of  ferric  oxide  and  5.53  per  cent  of  ferrous  oxide,  and  after  a 
stronger  heating  for  two  hours  0.00  per  cent  of  ferric  oxide«  6.01 
per  cent  of  ferrous  oxide,  and  0.21  per  cent  metallic  iron.  In 
all  cases  the  color  was  black,  and  the  darker,  the  higher  the 
temperature. 

Prom  this  it  follows,  supported  by  the  analogous  behavior 
of  calcareous  clays,  that  the  color  which  is  produced  in  clay, 
by  the  ferrous  oxide  which  is  formed  by  reducing  influences,  is 
black  and  not  whtie^  as  has  been  frequently  assumed;  and  that 
moreover,  with  a  long-continued  action  of  these  influences  (perhaps 
more  rapidly  by  carbon  monoxide  and  hydrocarbons),  the  effect 
can  go  as  far  as  the  separation  of  metallic  iron.  The  dark  color 
produced  by  reducing  influences  in  the  case  of  clays  containing 
much  iron,  is  very  unstable  as  we  have  seen  from  the  preceding 
experiments,  and  the  process  is  reversed  with  the  admittance  of 
oxygen  at  a  red  heat  After  a  short  ignition,  in  the  presence  of 
air,  the  normal  red  color  appears  again,  by  the  change  of  iron 
compounds  into  ferric  oxide,  but  not  with  the  same  brightness 
which  the  clay  had  shown  before. 

Reducing  influences  which  appear  in  a  kiln  at  times  are 
not  favorable  to  the  development  of  the  most  desired  pure  brick- 
red  color,  contrary  to  what  was  observed  with  the  clays  contain- 
ing lime. 

The  influence  of  compounds  containing  sulphur  likewise 
proved  to  be  quite  different  from  that  noted  in  the  case  of  clays 
containing  lime  which  were  discussed  before. 

Sulphurous  acid  in  an  oxidizing  flame,  whose  effect  was  ex- 
pressed in  these  experiments  by  heating  the  clay  in  a  mixture 
of  sulphurous  acid  and  air,  showed  neither  a  chemical  nor  a  color 
change. 

Sulphur  compounds  in  the  presence  of  reducing  gases  are, 
on  the  other  hand,  absorbed  by  the  clay  with  a  formation  of 
iron  sulphide  and  simultaneous  blackening.  After  a  short  heat- 
ing in  a  current  of  illuminating  gas  fed  with  carbon  disulphide, 
the  Rathenow  clay  showed  a  sulphur  content  of  2.99  per  cent 


THE  COLORS  OF   BRICK  131 

On  heating  in  the  air  this  sulphur  again  bums  out  completely ; 
the  red  color,  too,  returns  with  a  violet  tinge  and  brighter  than 
before.  Hydrogen  sulphide  or  mixtures  of  sulphurous  acid 
with  hydrogen,  carbon  monoxide,  or  hydrocarbons,  have  the  same 
effect  as  carbon  disulphide.  With  clays  containing  much  iron, 
but  free  from  lime,  the  presence  of  sulphur  compounds  in  the 
gases  of  the  kiln  has  no  effect  when  air  is  in  excess.  But  in  the 
presence  of  reducing  influences  they  are  favorable  to  the  produc- 
tion of  a  bright  red  color. 

Division  III. — Color  Phenomena  of  the  Yellow  Burning 
Cl-ws,  Low  IN  Iron  and  Free  from  Lime 

(Clay  from  Greppin,  near  Bitterfeld.) 

These  clays  are  characterized  by  assuming,  when  heated  in 
the  presence  of  air  at  a  low  temperature,  a  pale  red  or  yellowish 
red  color  (flesh  color),  which  passes  over  at  a  higher  tempera- 
ture into  yellowish  white  and  at  the  brightest  red  heat  into  sul- 
phur-yellow or  straw-yellow  color. 

Under  the  influence  of  reducing  gases  the  color  changes 
into  black,  as  with  other  clays. 

The  Greppin  clay  was  light  ashen  gray  in  color  when 
heated  to  a  dark  red  heat  in  the  presence  of  pure  hydrogen,  and 
had  an  iron  content  of  1.69  per  cent  ferric  oxide  and  i.oi  per 
cent  ferrous  oxide.  After  a  longer  heating  at  a  bright  red  heat 
it  was  dark  ashen  gray  with  1.81  per  cent  ferrous  oxide  and  0.34 
per  cent  metallic  iron. 

From  this  it  also  appears  that  the  presence  of  ferrous  oxide 
produces  a  dark  color  which  has  nothing  in  common  with  the 
real  clay  colors. 

This  gray  color  also  vanishes  very  rapidly  in  the  presence 
of  air ;  still  the  original  shades  do  not  again  appear,  but  colors 
noticeably  paler.  The  flesh  color  which  marks  the  low  temper- 
atures has  been  changed  to  a  whitish  yellow,  while  with  the 
higher  temperatures  a  pure  yellow  appears. 

A  temporarily  reducing  atmosphere  in  the  kiln  must,  there- 
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fore,  as  we  note  it  in  the  fitst  class  of  clays,  also  contribute  to 
the  development  of  the  yellow  color  most  desired  with  these 
clays. 

Sulphur  compounds  have  no  chemical  effect  on  clays  of 
this  kind  in  the  presence  of  air,  nor  do  they  produce  a  change 
in  color.  On  heating  in  a  mixture  of  sulphurous  add  and  air, 
the  clay  absorbs  no  sulphur  compounds  and  shows  the  same  color 
as  in  air  alone.  Sulphur  compounds  in  the  presence  of  redu- 
cing gases  are  readily  taken  up  by  the  clay  mass,  as  was  the  case 
with  the  clays  discussed  before,  and  a  gray  color  appears  as  we 
have  always  noted  under  the  influence  of  reducing  gases.  After 
being  heated  for  two  hours  in  an  atmosphere  of  illuminating 
gas  and  carbon  disulphide,  the  Greppin  clay  gave  a  strong  odor 
of  hydrogen  sulphide  with  a  sulphur  content  of  2.77  per  cent, 
and  showed  a  dark  ashen  gray  color.  This  sulphur  burned  out 
again  completely,  and  with  it  disappeared  the  gray  color  on 
being  heated  in  the  air  for  a  short  time.  The  yellow  color  which 
characterizes  the  action  of  the  air  on  these  clays  does  not  return, 
however,  but  a  red  color,  strongest  at  the  surface,  penetrates 
the  whole  mass,  which  is  the  more  intense,  passing  over  into  a 
violet-red,  the  higher  the  temperature,  at  wnich  the  action 
of  the  sulphurous  reducing  gases  took  place.  This  red  color 
does  not  appear  with  like  intensity  under  all  circumstances;  it 
is  most  intense  with  the  action  of  carbon  disulphide  alone,  or 
carbon  monoxide  containing  carbon  disulphide,  less  intense  in 
the  presence  of  hydrocarbons  or  hydrogen  in  a  sulphurous  atmos> 
phere  and  cannot  be  produced  by  a  mixture  of  hydrogen  and 
hydrogen  sulphide  ;  also  by  means  of  sulphurous  illuminating 
gas  it  is  not  always  possible  to  produce  the  red  color  of  the  clay 
artificially.  Prom  this  it  appears  that  the  presence  of  large 
amounts  of  hydrogen  or  hydrocarbons  limits  or  prevents  the  for- 
mation of  this  peculiar  red  color,  and  that  the  presence  of  much 
carbon  monoxide  together  with  the  sulphur  compound  assists 
its  development 

By  long  heating  in  the  presence  of  air  this  red  color  does 
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not  disappear,  not  even  at  a  high  temperature.  It  does  disap- 
pear, however,  if  the  latter  is  not  very  high,  by  a  repeated  alter- 
nate action  of  reducing  gases  free  from  sulphur  (illuminating 
gas,  hydrogen,  etc.),  and  air,  in  which  case  the  ordinary  yellow 
color  of  the  clay  again  appears. 

If  the  color  was  an  intense  red  it  no  longer  vanishes  under 
the  alternate  influence  of  reducing  and  oxidizing  agents,  but 
passes  through  a  brown-red  into  a  leather-brown  color. 

The  chemical  process  which  accompanies  these  interesting 
color  changes,  so  important  for  the  industries,  is  not  easily  ex- 
plained ;  with  the  red  color  no  lasting  chemical  change  of  the 
clay  has  taken  place,  especially  not  an  increase  in  the  content 
of  ferric  oxide.  If  I  attempt  an  explanation,  however,  it  re- 
quires further  experimental  confirmation. 

The  iron  in  the  clay  is  usually  in  a  chemical  combination 
with  the  other  constituents,  and  in  consequence  produces  only  a 
weak  yellow  color,  as  is  also  the  case  with  the  clays  containing 
lime.  By  a  simple  reduction  of  the  ferric  oxide  to  the  ferrous 
oxide,  the  latter  remains  in  this  combination  as  it  shows  strongly 
basic  properties  and  after  the  reoxidation  nothing  has  been 
changed'  in  the  condition  of  this  chemical  compound.  If  this 
reduction  is  accompanied  by  an  absorption  of  sulphur,  iron  sul- 
phide is  produced,  which  is  not  basic.  The  iron  is  taken  out  of 
its  chemical  union,  and  after  its  oxidation  is  changed  into  free 
coloring  iron  oxide  which  is  only  mechanically  mixed  with  the 
clay  mass.  The  effect  of  the  sulphur  compounds  on  the  clays 
free  from  lime,  may  therefore  be  stated  as  follows:  Sulphur 
compounds  under  oxidizing  conditions  exercise  no  effect  on  the 
clays;  in  a  reducing  flame  they  produce  a  red  color  throughout 
the  whole  mass,  the  production  of  which  is  assisted  by  the 
presence  of  gases  high  in  carbon  and  diminished  by  hydrogen 
compounds  in  large  quantities. 

Oft-repeated  alternate  reactions  of  oxidizing  and  reducing 
gases  in  the  presence  of  sulphur  compounds,  again  cause  this  red 
color  to  disappear  at  a  low  temperature  and  with  slight  colora- 
tion, and  at  a  high  temperature  change  it  to  a  buff-brown. 
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Division  IV. — Coi<or  Phenomena  of  the  White  Burning 
Clays,  High  in  Alumina  and  Low  in  Iron 

(Zettlitz  Kaolin) 

These  clays,  which  are  rarely  or  never  used  for  the  manu- 
facture of  brick  and  terra  cotta,  but  are  all  important  for  the 
production  of  the  finest  wares  of  the  clay  industry,  porcelain  and 
white  ware,  behave  essentially  as  the  ones  above  mentioned. 
Under  the  influence  of  a  higher  temperature,  in  the  presence  of 
oxygen,  they  take  on  a  more  or  less  pure  white  color.  This  color 
is  influenced  more  or  less  by  the  amount  of  iron  in  it,  which  is, 
however,  always  significant 

Under  the  influence  of  reducing  gases  they,  like  the  other 
clays,  experience  a  darkening  of  color  which,  however,  does  not 
exceed  a  light  gray;  this  exists  throughout  the  whole  mass  when 
hydrogen  is  present,  on  account  of  the  small  amount  of  iron, 
and  shows  a  somewhat  darker  color  only  when  the  reducing 
gases  contain  carbon.  Since  these  clays  for  the  most  part  belong  to 
the  refractory  clays,  and  in  consequence  of  this  show  a  consider- 
able porosity  on  slight  burning,  the  gray  color  produced  by  the 
action  of  the  reducing  gases  vanishes  very  quickly  and  causes  a 
pure  white  color  again  to  appear  (at  least  in  the  Zettlitz  kaolin). 
In  presence  of  oxygen,  sulphurous  acid  has  no  effect  on  these 
clays  and  is  not  able  to  produce  any  changes  in  color ;  on  the 
other  hand,  as  we  have  seen  with  the  other  clays,  sulphur  com- 
pounds cause  remarkable  color  phenomena  when  reducing  gases 
are  present  at  the  same  time.  Zettlitz  kaolin  heated  for  two 
hours,  as  in  the  previous  experiments,  in  an  atmosphere  of  car- 
bon disulphide  and  illuminating  gas,  showed  a  sulphur  content 
of  1. 1 2  per  cent  To  be  sure,  this  vanished  again  completely  on 
heating  in  air.  The  color  of  the  kaolin,  however,  does  not  become 
white  again,  but  changes  to  a  beautiful  rose  color.  As  in  the 
previously  discussed  buff-burning  lignite  clays,  this  color,  pene- 
trating the  whole  mass,  could  be  made  the  more  intense  the 
higher  the  content  of  carbon  in  the  sulphurous  reducing  gases, 
and  it  was  the  weaker  the  more  the  hydrogen  compounds  pre- 
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dominated.  By  an  alternate  oxidizing  and  reducing  condition  of 
the  fire  gases,  free  from  sulphur,  it  was  made  to  vanish  com- 
pletely. 


Studies  in  Regard  to  the  Composition  and  Action  of  the  Fire 
Gases  in  the  Kilns  of  the'Ceramlc  Industry 


PS.OP.  Cbas.  W.  Mbiloh,  Tkamslatok 

Of  all  the  processes  comprised  in  the  manufacture  of  clay 
wares,  the  burning  process  is  without  question  the  most  impor- 
tant one,  (i)  because  the  economic  success  of  the  work  depends 
largely  upon  the  choice  of  the  apparatus  used  for  this  purpose 
and  the  manner  of  conducting  the  bum,  and  (2)  because  no 
other  process  may  exert  upon  the  quality  of  the  ware  produced 
the  same  harmful  or  beneficial  influence. 

In  burning  clay  wares,  the  first  change  brought  about  in 
the  previously  plastic  and  soft  mass  is  that  it  can  no  longer  be 
made  into  a  paste  by  water,  but  retains  the  form  given  to  it. 
This  change  is  a  chemical  change,  and  is  brought  about  by  the 
expulsion  at  red  heat  of  the  chemically  bound  water  of  the  clay. 
This  chemical  change  of  the  clay  mass  at  an  increased  tempera- 
ture suffices  only  in  the  rarest  cases  to  give  to  the  products  the 
properties  required.  The  chemical  changes  must  be  accompanied 
by  physical  changes  in  order  to  convert  the  clay  mass  so  easily 
destroyed  into  durable  objects  of  use  and  art 

Of  the  physical  changes  the  most  important  is  that  of  vit- 
rification ;  that  is,  the  melting  of  the  individual  constituents  of 
the  mass  (not  followed  by  a  complete  softening)  and  the  conse- 
quent loss  of  the  shape  given  to  it  artificially,  but  which  only 
brings  about  a  greater  or  smaller  contraction,  a  closing  of  the 
pores,  and  gives  a  greater  strength  and  a  certain  resistance  to 
mechanical  and  chemical  influences  to  the  clay  mass,  by  impr^- 
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nating,  as  it  were,  the  non-fusible  parts  with  a  molten  vitreous  mass 
which  subsequently  hardens.  Besides  the  increased  resistance 
given  by  vitrification,  a  coating  of  a  colorless  or  colored  layer  of 
glass  is  given  to  many  clay  wares  (that  is  a  glaze)  in  order  to 
make  them  completely  impervious  to  liquids,  to  decorate  them, 
or  to  produce  a  more  suitable  base  for  other  decorations  than 
the  porous  clay  with  a  dull  surface. 

The  physical  change  of  vitrification  of  the  mass  and  melt- 
ing of  the  glaze,  always  requires  a  higher  temperature  than  is 
necessary  to  deprive  the  clay  of  its  property  of  softening ;  in 
some  branches  of  the  industry,  for  instance,  the  manufacture  of 
hard  porcelain,  it  requires  the  use  of  the  highest  temperatures 
which  modem  technology  can  obtain  in  large  kilns. 

With  the  expulsion  of  the  water  from  the  clay  the  chemi- 
cal action  is  not  complete,  but  is  rather  just  banning  by  act- 
ing on  those  constituents  constantly  existing  as  impurities,  or 
intentionally  added  to  the  mass  or  the  glaze  layer  to  give  to  them 
certain  properties  (color,  luster,  hardness,  transparency,  opacity, 
etc).  By  the  loss  of  chemically  bound  water  the  increased  porosity 
of  the  clay  allows  greater  action  of  external  influences. 

The  changes  in  the  body  and  glaze  that  appear  at  these 
temperatures  are  not  confined  to  the  non-volatile  parts  taking 
up  a  different  molecular  position  in  regard  to  each  other  and 
creating  new  compounds  by  mutual  exchange  of  their  constitu- 
ents, but  the  compounds  formed  are  subjected  also  to  influences 
of  the  gaseous  bodies  which  constitute  the  fire  gases  and  thereby 
undergo  new  changes. 

According  to  the  present  state  of  technology,  heating  to  the 
required  temperatures  is  only  possible  by  the  combustion  of  car- 
bonaceous substances  in  the  presence  of  atmospheric  air.  Besides 
carbon,  the  fuels  contain  hydrogen,  oxygen,  nitrogen,  and  fre- 
quently sulphur,  and  some  incombustible  mineral  constituents 
which  remain  behind  in  the  ashes.  The  air  contains  oxygen 
and  nitrogen.  In  the  combustion  of  carbon  compounds  there 
arise  as  final  products,  besides  the  completely  indifferent  and 
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therefore  unchanged  nitrogen,  at  a  sufficiently  high  temperature 
and  in  the  presence  of  excess  of  air,  carbon  dioxide  and  water 
vapor;  with  an  insufficient  supply  of  air  there  are  formed  besides 
these,  carbon  monoxide,  hydrocarbons  and  solid  carbon  separated 
in  the  form  of  soot  and  carried  away  in  the  current  of  air.  Be- 
sides  these  the  fire  gases  may  contain  constituents  coming  from 
the  ashes,  volatile  chlorine  compounds,  alkaline  vapors,  parti- 
cles of  ashes  carried  along  in  the  form  of  dust,  etc.  The  wares 
placed  in  the  kiln  for  burning  can  in  no  case  be  protected  from 
contact  with  these  substances,  but  must  necessarily  remain  in 
contact  with  them  during  the  entire  bum,  since  the  whole  kiln 
is  filled  with  them.  At  most,  a  rapid  change  in  the  compo- 
sition of  the  fire  gases,  which  arises  usually  through  very  sudden 
changes  in  the  supply  of  the  air  and  fuel,  can  be  moderated  and 
the  solid  substances  (ash  particles  and  soot)  kept  ofiE  by  enclosing 
the  ware  in  saggers. 

Of  the  substances  formed  in  the  process  of  combustion,  ni- 
trogen, carbon  dioxide  and  water  vapor  are  those  which  are  least 
apt  to  cause  changes  in  the  composition  of  the  clay  and  we  may 
call  them  the  indifferent  constituents,  although  the  complete 
indifference  of  the  last  two  has  not  been  fully  proved,  especially 
for  very  high  temperatures.  On  the  other  hand,  the  other  con- 
stituents, oxygen,  carbon  monoxide,  hydrocarbons,  and  hydro- 
gen, even  at  low  temperatures,  exercise  a  very  great  effect  on 
the  majority  of  substances  which  accompany  the  pure  clay  sub- 
stance in  the  industrial  products. 

Only  in  extremely  rare  cases,  and  in  a  measure  accidentally, 
will  it  happen  that  the  reaction  of  air  and  fuel  is  so  well  bal- 
anced as  to  produce  only  those  constituents  termed  indifferent 
(nitrogen,  carbon  dioxide,  and  water  vapor).  As  a  rule  the  con- 
ditions will  be  such  that  either  oxygen  predominates  in  the  fire 
gases,  or  that,  beside  carbon  dioxide,  there  appear  carbon  mon- 
oxide, hydrocarbons,  and  hydrogen,  or  that,  as  we  can  see  from 
determinations  given  later  on,  oxygen  is  also  present  beside  the 
gaseous  constituents  just  mentioned.     We  can,  therefore,  never 
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speak  of  a  flame  as  having  no  effect  at  all  on  the  ware  in  the 
kiln  throughout  a  bum,  but  at  most  only  for  moments.  In  gen- 
eral its  constituents  will  react  with  the  constituents  of  the  clay 
of  the  bodies,  glazes,  etc.,  according  to  the  principles  of  chem- 
istry, and  the  reaction  will  be  the  deeper  the  higher  the  tempera- 
ture, the  greater  the  amount  of  material  entering  into  action  and 
the  more  the  condition  of  the  surface  and  the  porosity  of  the 
clay  mass  permits  the  penetration  of  the  gaseous  constituents 
of  the  fire  gases  into  the  interior. 

The  action  of  the  free  oxygen  on  the  one  hand,  and  of  the 
carbon  monoxide,  the  hydrocarbons,  and  the  hydrogen  on  the 
other  hand,  the  last  three  possessing  an  analogous  behavior  and 
differing  only  in  degree,  is  a  very  different  one  upon  substances 
other  than  the  silicate  of  alumina  and  earthy,  non-reducible  oxides, 
which  are  largely  used  for  glazes  and  colors.  Often  the  action 
of  these  two  opposite  effects  is  mutually  neutralizing.  Under 
the  action  of  oxygen,  carbonaceous  substances  are  burned,  the  com- 
pounds of  iron,  manganese,  copper,  etc.,  pass  over  into  oxides  as 
high  in  oxygen  as  they  can  exist  at  the  given  temperature,  and 
metallic  sulphides  are  changed  into  sulphates  with  or  without  the 
development  of  sulphurous  acid. 

We  call  this  effect  oxidizing  because  it  causes  the  formation 
of  oxides.  Under  the  influence  of  the  other  substances  men- 
tioned above,  a  deposition  of  the  carbon  in  the  pores  may  take 
place,  the  oxides  of  the  metals  lose  a  part  or  all  of  their  oxygen 
according  to  the  duration  and  intensity  of  the  action,  and  are 
changed  into  oxides  lower  in  oxygen  (as  in  the  case  of  the  oxides 
of  iron,  manganese,  copper,  etc.),  or  the  reduction  can  go  to  the 
separation  or  volatilization  of  the  metals  themselves  (as  with  lead, 
zinc,  tin,  and  others),  while  sulphates  are  in  part  decomposed 
with  evolution  of  sulphurous  acid  and  in  part  may  be  changed 
to  sulphides  of  the  metals.  This  effect,  because  by  it  the  oxides 
high  in  oxygen  are  destroyed,  is  called  deoxidizing  or  reducing. 
These  are  only  a  few  examples  of  the  reactions  which  may  take 
place. 
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With  a  change  in  the  composition  of  the  gases  there  will 
likewise  be  a  constant  change  in  the  action  which  will  extend 
not  only  to  the  surface,  but  also  more  or  less  deep  into  the  in- 
terior as  long  as  the  clay  mass  is  porous  and  the  glaze  unmelted. 
With  the  closing  of  the  pores  by  vitrification  of  the  clay  or  melt- 
ing of  the  glaze  the  action  of  the  flame  on  the  interior  of  the 
ware  ceases  on  account  of  the  lack  of  contact  between  the  re. 
regents,  or  is  at  any  rate  much  retarded  and  weakened,  confining 
the  e£Fect  chiefly  to  the  outer  surface.  Hence  the  process  is 
stopped  just  at  the  moment  when  the  closing  of  the  pores  took 
place. 

In  what  way  the  changes  taking  place  under  the  influence 
of  a  chemical  reaction  of  the  fire  gases  make  themselves  known 
externally,  in  how  far  they  give  to  the  burnt  products  the  nor- 
mal and  intended  properties,  or  how  far  they  cause  the  numer- 
ous and  unwelcome  phenomena  which  are  generally  termed 
burning  defects,— concerning  all  this  we  have  but  rare  cases  of 
positive  explanations  based  on  scientific  information.  For  most 
cases  a  solution  is  still  to  be  found  and  the  views  held  by  dif- 
ferent technologists  concerning  cause  and  e£Eect  and  the  means 
of  avoiding  or  producing  them  artificially,  differ  very  much. 

It,  therefore,  seems  a  problem  well  worthy  of  study,  and 
interesting  to  all  branches  of  the  clay  industry,  to  investigate 
the  phenomena  accompanying  the  burning  process,  to  find  those 
conditions  under  which  the  desired  result  may  be  attained 
with  certainty,  and,  on  the  other  hand,  to  make  known  injuri- 
ous effects.  On  account  of  the  complications  of  the  many  cir- 
cumstances coming  into  consideration  and  the  difference  with 
which  the  same  influences  act  on  the  same  kind  of  material  at 
hand,  it  is  very  difficult,  and  perhaps  impossible,  to  gain  any 
clear  conception  with  the  means  of  analytical  chemistry  alone ; 
greater  success  is  promised  by  the  method  of  synthetic  investi- 
gation, the  production  of  the  phenomena  in  question  under  known 
conditions,  so  that  comparisons  may  be  made. 

However,  in  order  not  to  extend  such  synthetic  investiga- 


140  TRBATISBS  OP  A  GBNBRAL  SCIBNTIPIC  NATUKB 

tions,  which  have  been  carried  out  successfully  for  a  series  of 
phenomena  within  the  field  of  the  brick  industry,  to  a  scope  be- 
yond the  measure  of  practical  necessity,  it  appeared  necessary, 
first  of  all,  to  determine  the  limits  between  which  fluctuate  the 
influences  coming  into  consideration  in  the  working  methods 
developed  by  experience.  An  investigation,  as  extensive  as  pos- 
sible, of  the  course  of  the  combustion  process  with  difiEerent  kiln 
systems,  in  the  different  phases  of  the  bum  and  in  different  zones 
of  the  kilns,  appears  important  not  only  as  a  foundation  entirely 
indispensable  for  further  investigations,  but  also  is  of  value  for 
the  practice  inasmuch  as  it  permits  the  manufactturer  to  see 
clearly  with  what  means  he  and  others  are  working,  and  with 
what  success  changes  may  be  made  in  the  use  of  his  appliances. 
If  such  an  investigation  is  to  have  not  only  a  scientific  interest, 
but  also  some  practical  value,  it  must  be  carried  out  on  a  larger 
scale  and  extended  to  as  many  objects  of  investigation  as  possi- 
ble. In  the  last  few  years  investigations  concerning  the  com- 
position of  the  fire  gases  have  been  published,  but  they  extended 
only  to  a  single  system, — to  the  continuous  brick  kiln ;'  with 
other  kiln  systems  and  in  other  branches  of  ceramics,  the  views 
concerning  the  processes  taking  place  rest  more  on  suppositions 
than  on  definite  knowledge. 

The  investigations  communicated  below  pertain  to  the  fol- 
lowing kilns : 

A.    Up-Draft  Kilns 

1.  Ordinary  arched  brick  kiln  of  Mr.  Radzijewski  in  Heeger- 

mnehle. 

2.  Two-story  kiln,  for  white  ware,  of  F.  S.  Oest  Ww.  &  Co. 

in  Berlin. 

3.  Two-story  porcelain  kiln  of  the  Royal  Porcelain  Factory, 

in  Berlin. 

B.    Horizontal  Kilns 

4.  Continuous  brick  kiln  of  a  plant  in  He^ermuehle. 

>  *'  Investigmtions  of  the  ComixMition  of  Fire  Gases  in  s  Contiiiiiotts  Lime  Kiln." 
Notizblatt,  of  the  German  Society  for  the  Mannfactnre  of  Brick,  :875,  Na  4. 
W.  Olschewsky:  Deutsche  Toepfer  and  Ziegler  Zeitnng,  1877,  No.  53. 
F.  Fischer:  "On  the  Bzamination  of  Fire  Gases,"  Dingler's  Journal,  1878,  p.  171. 
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5.  A  partially  continuous  brick  kiln  of  the  Splau  Clay  Works, 

near  Wittenberg. 

6.  Stoneware  kiln  of  Mr.  Joseph  Schult,  in  Hoehr. 

7.  Stoneware  kiln  for  mineral  water  jugs  of  Mr.  W.  Zoeller, 

in  Grenzhausen. 

8.  Kiln  for  the  burning  of  faience  tiles  of  G.  Schoeffel  &  Son, 

in  Berlin. 

C.    Down-Draft  Kilns 

9.  Kiln  for  the  burning  of  stoneware  pipes,  of  Mr.  Simon 

Peter  Gerz,  in  Hoehr. 

10.  Kiln  for  the  burning  of  terra  cotta  ware,  of  E.  March's 

Sons,  in  Charlottenburg. 

1 1 .  Porcelain  kiln  of  the  Berlin  Porcelain  Company. 

12.  Continuous  gas  kiln  of  the  Royal  Porcelain  Factory,  in 

Berlin. 

In  carrying  out  the  examination  of  the  fire  gases,  the  chief 
object  was  to  produce  as  clear  a  picture  as  possible  of  the  course 
of  one  or  more  bums,  and  to  bring  out  the  fluctuations  difiEering 
most  widely,  according  to  the  phases  of  the  bum,  at  different 
places  of  the  kiln.  For  this  purpose  the  number  of  single  de- 
terminations must  be  a  very  large  one,  and  with  some  bums  the 
number  of  samples  taken  and  analyzed  is  more  than  eighty  and 
the  total  number  of  analyses  many  hundred. 

Although  the  large  columns  of  figures  thus  produced  may 
seem  uninteresting,  yet  it  is  not  desirable  to  summarize  and 
simplify  them  in  publishing  the  results  of  the  investigation. 
The  value  of  numerical  representation  does  not  always  appear 
at  the  first  glance,  and  much  close  study  is  required  in  order  to 
draw  all  conclusions  from  them  from  different  points  'of  view. 
For  this  reason  they  often  receive  a  new  value  when  new  points 
of  view  are  added  and  new  investigations  either  supplement  or 
contradict  them. 

With  such  an  extended  investigation  as  the  one  under  dis^ 
cussion,  it  was,  of  course,  necessary,  in  order  not  to  extend  it 
over  years,  to  find  an  analytical  method  which  permits  of  as 
rapid  execution  as  possible  without  lessening  the  desired  accu- 
racy.    In  this  work  there  was  used  the  method  described  in  the 
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article,  "On  the  Investigation  of  Industrial  Gases."     For  the 
!  chemist  there  is  only  to  be  added  the  method  of  calculating  the 

numerical  values  found  The  method  described  in  the  article 
mentioned  permits  of  the  determination  of  carbon  dioxide,  oxy- 
gen and  carbon  monoxide  by  absorption  and  direct  reading  with 
more  than  the  accuracy  practically  required.  The  quantity  of 
the  remaining  combustible  gases  can  be  determined  only  by  ex- 
ploding  the  residual  gas,  after  addition  of  oxygen  and  electro- 
lytic gas,  and  subsequently  determining  the  carbon  dioxide  pro- 
duced in  the  explosion.  There  remains  still  to  be  determined, 
to  what  definable  hydrocarbon  products  belongs  the  carbon  con- 
tained in  the  gases.  By  a  second  explosion  with  addition  of 
hydrogen  and  electrolytic  gas,  we  can  determine  the  quantity  of 
oxygen  remaining  unused  after  the  explosion.  But  then  the 
method  would  have  been  taken  from  its  proper  place,  as  a  rapid 
method  to  be  used  in  a  works  laboratory  as  a  means  of  control- 
ling the  burning.  Such  an  extension,  necessary  perhaps  for 
other  scientific  purposes,  did  not  seem  to  be  demanded  by 
practice.  The  products  of  dry  distillation  (and  the  products 
of  incomplete  combustion  are  to  be  considered  as  such)  are 
carbon  monoxide,  hydrogen,  marsh  gas,  ethylene,  and  other  hy- 
drogen compounds  still  higher  in  carbon.  The  first  three  form 
the  main  constituents  of  illuminating  gas,  the  ethylene  being 
represented  in  it  only  by  a  few  per  cent,  and  the  hydrocarbons  still 
higher  in  carbon,  benzene,  naphthalene,  etc.,  by  very  small  quan- 
tities. Assuming  the  analogous  behavior  and  the  constant  quan- 
titative predominance  of  the  hydrogen  and  light  hydrocarbon 
(marsh  gas,  CH^  over  the  so-called  heavy  hydrocarbons,  higher 
in  carbon,  the  results  of  the  one  explosion  carried  out  were  so 
calculated  that  when  the  carbon  content  of  the  hydrocarbon 
compounds  plus  hydrogen  was  found  to  be  less  than  that  corre- 
sponding to  marsh  gas,  the  combinations  were  considered  as  a 
mixture  of  marsh  gas  and  hydrogen,  with  a  higher  content  of 
carbon  as  marsh  gas  and  ethylene  (C^H^.  For  the  present  prac- 
tical requirement,  though  not  strictly  correct  from  the  scientific 


COMPOSITION  AND  ACTION  OF  FIRE  GASES  I43 

standpoint,  this  method  of  calculation  appears  sufficient  for  the 
simplification  necessary  in  a  technically  useful  method. 

In  order  to  render  the  results  of  the  examination  clearer  to 
the  layman,  it  seemed  necessary  to  condense  them  at  least  inso- 
much that  the  efiFect  of  the  gases  be  expressed  by  one  numerical 
value.  A  gas  will  possess  a  more  intense  oxidizing  effect,  the 
higher  it  is  in  the  active  agent,  oxygen ;  it  is  the  more  redu- 
cing, the  more  ingredients  it  contains  which  consume  oxygen  in 
burning.  Of  such  substances  there  are  four  given  in  the  follow- 
ing tables :  Carbon  monoxide,  heavy  hydrocarbons,  marsh  gas, 
and  hydrogen.  But  in  order  to  obtain  a  numerical  value  for  the 
reducing  power  of  a  gas  it  would  not  be  correct  to  sum  up  the 
active  ingredients  in  per  cent  by  volume,  as  obtained  from  the 
analysis.  The  effect  of  the  ingredients  mentioned  above  in  the 
fire  gases  depends  upon  their  activity  in  drawing  oxygen  from 
the  constituents  of  the  clay  or  the  glaze.  The  quantity  of  oxy- 
gen which  they  require  for  combustion,  however,  differs  consid- 
erably, and  hence  the  effect  is  proportional  to  the  oxygen-con- 
suming power,  as  is  shown  by  the  following  statements: 

I  part,  by  volume,  of  carbon  monoxide,  CO,  requires  J^ 
part,  by  volume,  of  oxygen  and  furnishes  i  part,  by  volume,  of 
carbon  dioxide. 

I  part  of  heavy  hydrocarbon,  ethylene,  C^H^,  requires  3 
parts  of  oxygen  and  furnishes  2  parts  of  carbon  dioxide  and  2 

■ 

parts  of  steam. 

I  part  of  marsh  gas,  CH  ,  requires  2  parts  of  oxygen  and 
produces  i  part  of  carbon  dioxide  and  two  parts  of  steam. 

I  part  of  hydrogen  requires  yi  part  of  oxygen  and  furnishes 
I  part  of  steam. 

For  this  reason  it  is  more  convenient  to  take  as  a  basis  for 
the  expression  of  the  oxidizing  or  reducing  power  of  the  fire 
gases  that  quantity  of  oxygen  which  is  present  in  excess,  or 
which  is  lacking  in  order  to  produce  perfect  combustion.  But 
since  oxygen  is  never  burned  alone,  but  is  always  mixed  with^ 
nitrogen  in  the  proportion  of  21  :  79  parts  by.  volume,  the  quan- 
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tity  of  air  has  here  been  used  as  the  basis  and  in  the  following 
tables  a  column  is  given'  which  expresses  the  ratio  between  the 
air  actually  taken  to  the  fire,  to  the  air  theoretically  required  for 
combustion.  The  numbers  higher  than  loo  indicate  those  gas- 
eous mixtures  which  are  oxidizing,  and  those  lower  than  loothe 
fire  gases  of  a  reducing  character.  If  thus  in  the  column  '*  Per 
cent  of  air"  there  is  found  the  number  i8o,  this  means,  that  in 
place  of  ICO  units  of  volume  of  air,  which  were  required  in  or- 
der to  bum  all  the  carbon  and  hydrogen  compounds  to  carbon 
dioxide  and  water,  i8o  units  of  volume,  that  is  80  too  many, 
were  conducted  to  the  fire.  If  the  number  is  80,  in  place  of  100 
units  of  volume,  there  were  brought  in  only  80,  that  is  not  enough 
for  complete  combustion  by  20. 

A.    Up^Draft  Kilns 

I.  Brick  Kiln  of  Mr.  Radzijewski  at  Heegermu^hle 

The  kiln  is  an  arched,  so-called  German  kiln,  about  10 
meters  long,  4  meters  wide,  and  4.5  meters  high  ;  on  one  of  the 
two  lateral  sides  it  is  provided  with  eight  furnaces  whose  grates 
extend  across  the  kiln  and  are  charged  with  fuel  from  one  side. 
Pine  wood  is  used  as  fuel.  In  the  arch  there  are  102  short 
chimneys  arranged  in  five  rows,  each  opening  being  12  cm.  in 
diameter,  and,  as  usual,  the  flow  of  gas  is  regulated  by  covering 
with  brick.  The  samples  were  taken  through  iron  pipes,  coated 
on  the  inside  with  a  slushy  mixture  of  finely  ground  sand  and 
boracic  acid  for  protection  against  oxidation,  inserted  in  one  of 
the  doors  of  the  front  walls  so  that  the  pipes  extended  about  i 

'  If  the  quantity  of  nitrogen  found  by  analysis  is  represented  by  N,  the  quan- 
tity of  ozygen  which  the  combustible  gases  still  present  would  consume  for  com- 
plete combustion  by  O,  then  the  quantity  of  nitrogen  corresponding  to  this  oxygen 

i.  JLo  -  3.76  X  O.  uid  «xordi>«l7  the  quuitity  of  nitroKen  belotwii*  to  the  air  re- 

quired  for  theoretical  combustion  ""^  N  +  3.76  X  O. 

The  air,  however,  actually  introduced  is  to  the  quantity  of  air  theoretically  re- 
quired, as  the  corresponding  quantities  of  nitrogen,  that  is,  as  N  :  N  +  3.76  +  O,  ac- 
cording to  which  the  proportion  is  easily  calculated.  If  the  oxygen  in  the  fire  gases 
is  in  excess  the  +0  becomes  — O. 
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meter  into  the  kiln.  The  pipes  were  of  i  cm.  inside  diameter. 
The  one  pipe  was  introduced  about  0.1  meter  below  the  arch, 
another  1.5  meter  above  the  grate.  The  samples  were  taken  on 
two  succeeding  days,  on  the  first  during  the  full  heat,  on  the  sec- 
ond during  the  so-called  "  finishing.''  The  product  is  known  on 
the  Berlin  market  as  Heegermuehle  face  brick,  and.  is  manufac- 
tured from  a  marl-like  clay  containing  about  15  per  cent  of  cal- 
cium carbonate  and  6  per  cent  of  iron  oxide.  The  color  of  the 
brick,  when  well  burned,  is  sulphur-  to  lemon-yellow;  of  the  vit- 
rified brick,  yellowish  green.  In  the  upper  part  of  the  kiln  there 
are  always  reddish  and  brownish  flashed  brick. 

The  time  stated  in  the  table,  enabling  one  to  estimate  the 
time  elapsing  between  the  taking  of  samples,  is  referred  to  the 
beginning  of  sampling  which,  when  not  otherwise  specified,  took 
about  five  minutes. 

The  numbers  following  in  the  horizontal  rows  always  refer 
to  samples  taken  at  the  same  time. 

The  results  of  the  analyses  are  contained  in  Table  I. 

On  comparing  the  columns  of  figures  in  the  horizontal 
direction  with  each  other  and  considering  the  numbers  repre- 
senting the  per  cent  of  air  used  as  the  total  expression  for  the 
entire  analysis,  one  observes  that  between  the  upper  and  lower 
numbers  of  the  kiln  there  are  no  considerable  differences  in  com- 
position, until  the  fire  bums  down,  when  the  quantity  of  excess 
air  increases  more  rapidly  in  the  lower  part  than  in  the  upper. 
This  is  due  to  the  arrangement  of  air  admission  and  exit  of  the 


Besides,  the  analyses  show  two  phenomena  which  do  not 
agree  with  the  most  popular  views  concerning  the  course  of  the 
process  of  combustion.  The  first  is  that  with  the  appearance  of 
considemble  amounts  of  unbumed  gases  the  oxygen  need  by 
no  means  vanish  from  the  fire  gases.  There  may  be  sev- 
eral causes  for  this  which  may  in  part  work  simultaneously ; 
namely,  first  a  change  in  the  composition  of  the  fire  gases  and  a 
transition  from  the  reducing  condition  to  the  oxidizing  condition 

10 
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during  the  duration  of  the  experiment ;  second,  an  insufficient 
mixing  of  the  air  in  the  kiln  ;  third,  slow  action  of  the  oxygen 
on  account  of  the  great  dilution  with  indifferent  gases  and  too 
low  a  temperature. 

The  second  phenomenon  is  that  an  appearance  of  heavy 
black  smoke  is  no  sure  sign  that  unbumt  gases  appear  in  note- 
worthy amounts  in  the  kiln ;  on  the  appearance  of  smoke  the 
flame  has  frequently  still  an  oxidizing  character.  The  reducing 
gases  (carbon  monoxide,  hydrocarbons,  hydrogen)  are  completely 
colorless,  and  in  outward  appearance  cannot  be  distinguished 
from  atmospheric  air.  The  color  is  given  to  the  smoke,  not  by 
these,  but  by  tar  vapors  at  a  low  temperature  or  by  carbon  in 
extremely  fine  particles,  at  a  higher  temperature,  produced  by 
the  decomposition  of  tar  vapors  which  are  formed  at  the  begin- 
ning of  the  heating  of  the  fuel,  and  after  a  time  collect  into 
flakes  of  soot  Whether  or  not  this  solid,  separated  carbon  is 
consumed  completely  on  passing  through  the  red  hot  part  of  the 
kiln  depends  upon  the  amount  of  oxygen  available  for  combus- 
tion, or  on  its  dilution  by  indifferent  substances  and  on  the  tem- 
perature. The  combustion  of  the  carbon  will  be  all  the  more 
slow  and  require  all  the  more  time  the  lower  in  oxygen  the 
gases  are  and  the  lower  the  temperature.  At  any  rate,  the  solid 
carbon  is  not  consumed  as  readily  as  the  gaseous  carbon  com- 
pounds on  account  of  the  greater  density  and  the  slight  mobility 
of  the  particles,  and  if  we  see  the  carbon  compounds  appearing  in 
the  flame  at  the  same  time  with  free  oxygen,  the  solid  carbon 
may  be  expected  with  even  a  greater  content  of  oxygen.  In  fact 
the  smoke  does  not  wholly  disappear  until  the  fuel  has  been 
thoroughly  heated  and  the  free  oxygen  has  increased  considera- 
bly. 

In  former  communications"  the  causes  have  been  set  forth, 
why  in  burning  marl  clays  a  temporary  maintenance  of  a  redu- 
cing flame  in  the  kiln  is  necessary  to  develop  in  its  purity  the 

>  Thonindiistrie  Zeitnns^,  1^1  No.  3,  et  seq.,  "  The  Importance  of  theContina- 
0118  Kiln  for  the  Clay  Industry." 
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yellow  color  peculiar  to  these  clays.  This  is  necessary  in  order 
to  decompose  the  calcium  sulphate,  which  is  formed  on  the  sur- 
face by  the  action  of  oxygen  and  sulphurous  acid  coming  from 
the  sulphur  of  the  fuel  or  the  clay,  since  otherwise  the  iron  ox- 
ide of  the  clay  would  be  kept  from  vitrification.  The  reducing 
atmosphere  necessary  cannot  be  obtained  with  certainty  with 
the  usual  manner  of  firing,  as  is  proved  by  the  samples  taken  on 
the  first  day  of  the  experiment,  but  it  appeared  only  when  the  out- 
flow of  the  flame  was  obstructed  and  the  supply  of  the  fuel  was 
increased  as  much  as  the  size  of  the  flues  would  permit  In  fact^ 
the  smoke  leaving  the  kiln  on  the  first  day  did  not  show  the 
least  odor  of  sulphurous  acid,  while  in  the  last  phase  of  the  burn- 
ing, which  the  brick-maker  calls  the  *'  burning  out,"  and  in  which 
he  fires  heavily  with  a  weakened  draft,  the  smoke  possessed  a 
suffocating  odor  of  sulphur  after  every  charge  of  fuel ;  when  the 
smoke  ceased  the  sulphur  odor  also  vanished.  During  the  clo- 
sing of  the  kiln  there  appears  a  partially  oxidizing,  and  after  the 
complete  closing  an  intensely  oxidizing,  atmosphere  throughout 
the  kiln  so  that  through  the  first  cooling  there  may  be  assumed 
an  equalization  of  temperature  but  not  a  chemical  reaction  which 
could  contribute  to  the  further  development  of  the  yellow  color 
of  the  clay. 

The  phenomenon  that  the  upper  part  of  the  kiln  always 
contains  red  spotted  brick  finds  its  explanation,  partly  in  the 
lower  temperature  at  which  the  sulphur  compounds  which  the 
clay  has  taken  up  are  decomposed  more  slowly,  and  partly,  in 
the  fact  that  the  reducing  effect  of  the  gases  in  the  upper  parts 
becomes  weaker,  since  a  part  of  the  gaseous  carbon  and  the  hydro- 
gen compounds  is  consumed  in  the  lower  part  of  the  kiln  by 
means  of  the  oxygen  of  the  ferric  oxide  contained  in  the  clay 
and  the  decomposition  of  the  sulphates. 

2.      TwihStory  White-Ware  Kiln  0/ F.  S.  Oest  Ww,  <Sf  Co.y  in 

Serltn* 

The  kiln  is  a  circular  old-fashioned  white-ware  kiln  with 
two  stories,  each  about  3  meters  in  diameter  and  3  meters  high. 
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Each  of  these  spaces  has  four  fireplaces  arranged  for  coal,  with 
iron  grates  and  ash  pans  filled  with  water.  The  area  of  each 
grate  is  about  one-third  of  a  square  meter.  The  openings  for 
charging  the  fuel  are  in  the  top  of  fire-boxes  built  in  front  of  the 
kiln  and  are  covered  with  a  fire-clay  tile  after  firing. 

The  flame  enters  the  kiln  space  above  the  bottom  of  the 
kiln,  through  an  opening  25  cm.  square,  and  is  distributed  with- 
out flues  between  the  piles  of  saggers.  The  arch  of  the  lower 
kiln  is  pierced  by  a  number  of  passageways  which  allow  the 
flame  to  enter  the  upper  kiln.  The  latter  contracts  to  a  chim- 
ney which  is  about  12  meters  high.  The  lower  kiln  was  filled 
with  fine  faience  ware,  enclosed  in  fireclay  saggers  for  the  bis- 
cuit bum,  without  any  glaze ;  the  upper  kiln  was  filled  with 
fire-brick. 

The  firing  of  the  kiln  took  place  at  intervals  of  one  to  one 
and  one-fourth  hours,  all  four  fireplaces  being  charged  succes- 
sively. Before  putting  in  the  fresh  coal  the  coke  on  the  grate 
was  shoved  to  the  rear  and  then  a  larger  amount  of  lump  coal, 
about  ^  hektoliter  for  each  fireplace,  was  put  in.  The  burn- 
ing of  the  faience  ware  in  the  lower  kiln  lasted  from  five  o'clock 
in  the  evening  until  half-past  one  the  next  afternoon,  that  is, 
twenty  and  one-half  hours.  The  burning  in  the  upper  kiln 
lasted  until  seven  o'clock  in  the  evening,  that  is,  five  and  one- 
half  hours. 

For  the  taking  of  samples  two  porcelain  tubes  1 5  mm.  in 
diameter  were  so  inserted  into  the  door  openings  of  the  upper 
and  lower  kiln  that  the  one  was  on  the  right  and  the  other  on 
the  left  side  of  the  door.  The  tubes  extended  about  i  meter 
into  the  interior  of  the  kiln  and  took  the  gases  from  the  lower 
kiln  0.5  meter  under  the  arch  and  0.5  meter  above  the  floor,  in 
the  upper  kiln  0.3  meter  under  the  arch  and  0.3  meter  above 
the  floor. 

Three  samples  were  always  drawn  at  the  same  time  from 
the  kiln ;  during  the  burning  of  the  lower  kiln  two  were  taken 
from  it  and  one  from  the  upper  kiln  through  the  tube  0.3  meter 
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under  the  arch.  During  the  burning  of  the  upper  kiln  two  samples 
were  taken  from  it  and  one  from  the  lower  kiln  already  closed 
and  cooling,  through  the  tube  0.5  meter  under  the  arch. 

The  results  of  the  investigation  are  shown  by  the  tables  Ila 
and  lU.  As  may  be  seen  from  the  tables  the  process  of  com- 
bustion takes  place  in  a  quite  different  manner  from  that  of  the 
preceding  kiln. 

If  we  compare  first  the  amounts  of  air  which  are  supplied 
to  the  fire  in  the  lower  and  upper  kilns  we  see  that  they  are 
always  larger  in  the  upper  than  in  the  lower ;  this  is  explained 
by  the  fact  that  the  already  very  old  and  cracked  kiln  allowed 
much  air  to  pass  through  its  walls  and  the  upper  fireplaces 
were  only  superficially  daubed  with  clay  which  did  not  com- 
pletely stop  the  supply  of  air.  In  the  period  of  the  greatest 
evolution  of  gas  in  the  fireplaces,  that  is,  from  ten  to  twenty 
minutes  after  the  supply  of  the  fuel,  there  is  in  the  lower  kiln 
such  a  large  excess  of  combustible  gases  that  the  air  entering 
through  the  lower  fireplaces  is  able  to  bum  only  a  half  or  a 
third,  and  after  a  further  addition  of  air  through  the  crevices  in 
the  kiln  the  excess  is  still  so  large  that  about  one-fifth  of  the 
products  of  combustion  of  the  fuel  passes  out  of  the  chimney 
unbumt  Not  until  the  fire  bums  down  does  the  amount  of  air 
in  the  kiln  increase  so  far  that  it  just  reaches  or  slightly  exceeds 
the  amount  theoretically  necessary. 

It  is  a  surprising  phenomenon  that  in  the  lower  kiln,  beside 
the  large  amounts  of  combustible  gases  both  in  the  neighborhood 
of  the  floor  as  well  as  under  the  arch,  there  are  always  present 
considerable  amounts  of  free  oxygen ;  it  is  also  surprising  that 
the  combustion  is  a  very  incomplete  one  and  the  mixture  not  in- 
timate, while  in  the  upper  kiln,  after  the  flame  has  passed  through 
the  openings  of  the  arch  this  phenomenon  disappears  and  the 
free  oxygen,  as  far  as  it  appears  beside  the  combustible  gases,  is 
reduced  to  very  small  amounts. 

An  observation  of  the  fire  easily  explains  this.  Immedi- 
ately after  the  supply  of  considerable  amounts  of  fuel  the  walls 
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TABU 

White  Ware  Kiln  of  P.  S.  Oest  Ww.  &  Co. 


1 

Lower  kiln 

u 

Details  and  obtervatlona. 

Samples :  0.5  n.  under  the  arch. 

i 

Carbon 
dknlde. 

1 

& 

• 

1 

d 

1 

s 

1 

July 

P.M. 

26 

7.00 

2  hours  after  lighting 

13-6 

2.4 

0.0 

0.6 

0.4 

2.6 

80.4 

100 

8.00 

heating 

13.3 

0.2 

0.0 

0.0 

0.0 

6.3 

80.2 

141 

9.00 

up 

8.7 

0.1 

0.0 

0.0 

0.0 

11.4 

79.8 

214 

10.00 

4 

10.4 

0.1 

0.0 

0.0 

0.0 

8.0 

81.S 

158 

27 

▲.X. 
5.50 

Pire  burnt  down,  chimney  free 
from  smoke  10  minutes  before 

firing 

"S 

5*5 

0.0 

0.4 

0.8 

4.1 

77.7 

lOI 

6.10 

Immediately  after  firing,  thick 

black  smoke     - 

7.8 

6.4 

0.0 

1.2 

0.6 

7.6 

76.4 

109 

7.10 

Smoke  almost  completely  disap- 

peared, 20 minutes  before  firing 

II.O 

11.7 

0.0 

2.0 

2.1 

0.7 

72.5 

66 

7.40 

Ten  minutes  after  firing,  thick 

black  smoke 

10.8 

11.7 

0.0 

2.4 

4.8 

0.2 

71. 1 

63 

9.00 

Fire  entirely  burnt  down,  chim- 
ney free  from  smoke    - 

• 

915 

Ten  minutes  after  firing,  thick 

black  smoke 

7.8 

12.0 

0.0 

2.3 

4.0 

2.5 

71.4 

65 

10.00 

Chimney  free    from  smoke,  30 

minutes  before  firing   - 

10.4 

6.2 

0.4 

0.8 

0.0 

4.0 

78.2 

92 

10.50 

Twenty   minutes    after   firing, 

P.M. 

very  black  smoke  - 

4.6 

10.4 

0.0 

0.8 

0.5 

8.2 

75.5 

106 

I.OO 

Chimney  free  from  smoke,  i  hour 
after  firing.    The  end  of  the 

bum  of  the  lower  kiln 

II. 2 

5.4 

0.4  0.3 

0.0 

4.1 

79.6 

97 

TABLE 


July 
27 


P.M. 

2.00 
3.30 
4.30 

5.00 

5.45 
6.10 


Fire  burnt  down  clear 
Immediately  before  a  new  firing 
Immediately  after   the    firing, 


dark  smoke 
No  smoke  at  chimney 
Immediately  before  firing 
Last  fire  in  burning  off  the  kiln 


upper  kiln. 


0w3  m.  under  the  arch. 


II.O 
13.3 

16.4 
14.7 


0.0 
0.6 


0.2 


3.0 


0.0 
0.0 


0.0 


0.3 


0.0 
0.0 


0.0 


0.0 


0.0 
0.0 


0.0 


0.0 


7.3 
4.9 


0.8 


0.0 


81.7 
81.2 


82.6 


82.0 


150 
127 


103 
90 
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Burn  op  thb  26tli  and  27th  op  June 


0.5  m.  mbovt  the  floor  of  the  kiln. 


II 

0^ 


12.2 
12.0 

6.8 

8.0 


13.8 


12.4 


10.4 

9.0 


SB 


2.0 
2.8 
0.2 


si 


0.0 
0.0 
0.0 


0.3  0.0 


2.6 
6.5 


II. 2 


14.6 


10.2 


II.5 
5.7 


12.3 


8.5 
3.7 


II.3 


5.1 


0.0 


0.0 


0.0 


0.0 


0.0 


0.2 


0.0 


0.4 


i 


0.5 
0.0 

0.0 

0.0 


0.4 


1.4 


20 


2.3 


1-9 


0.4 


2.7 


0.0 


0.0 
0.0 
0.0 
0.0 


0.6 


3.0 


2.3 
8.6 


3.5 


0.0 


2.7 


0.0 


4.4 
5.8 

13.2 
10.8 


2.0 


0.4 


0.2 


0.0 


1.3 
5.4 


5.1 


3.3 


80.9 

79.4 
79.8 

80.9 


80.6 


76.3 
73.9 
65.5 


74.6 
78.8 


72.5 


78.9 


I 


112 
127 
161 
197 


97 
74 
65 


52 


70 


III 


73 


97 


upper  kiln. 


0.3  m.  under  the  arch. 


I 


I2.I 


6.5 


15.7 


17.4 

14.3 
14.0 

13.2 

14.4 

12.9 

15.8 


0.4 


0.0 


0.0 


1.8 


4.1 


0.0 


5.7 
0.8 


3.7 


0.0 


I: 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


i 
3 


0.0 


0.0 


0.0 


0.0 


0.8 


0,0 


i.o 


0.0 


0.8 


0.0 


I 


0.0 


0.0 


0.0 


0.0 
0.8 
0.0 
2.0 
0.0 
0.8 

0.0 


7.1 


134 


2.1 


0.1 
0.2 

5.5 
0.1 

3.1 
1.7 

2.3 


80.4 
80.1 


82.2 


80.7 
79.8 
80.5 
78.0 
81.7 
80.1 


81.9 


2*8 


148 


201 


III 


96 
83 

135 

78 

114 

86 
112 


nb 


as  m.  ahove  the  kiln  floor. 


5.1 

J 

0.0 

0.0 

0.0 

0.0 

13.9 

81.0 

282 

16.0 

0.3 

0.0 

0.0 

« 

0.0 

1.8 

81.9 

108 

16.3 

O.I 

0.0 

0.0 

0.0 

0.7 

82.9 

103 

10.9 

O.I 

0.0 

0.0 

0.0 

7.8 

81.2 

155 

I«owerkiln. 


0.5  m.  nnder  the  arch. 


5.5 

0.0 

0.0 

0.0 

0.0 

14.3 

80.2 

3.3 

0.0 

0.0 

0.0 

0.0 

16.8 

79.9 

2.8 

0.0 

0.0 

0.0 

0.0 

17.3 

79.9 

3.5 

0.0 

0.0 

0.0 

0.0 

16.6 

79.9 

2.3 

0.0 

0.0 

0.0 

0.0 

18.3 

79.4 

303 

479 
536 

457 
1 167 
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of  the  fire-box  were  so  much  cooled  by  it  that  the  gases  devel- 
oped did  not  at  once  ignite,  but  passed  unconsumed  into  the 
kiln,  or  alternately  ignited  and  then  went  out  again.  The  igni. 
tion  could,  therefore,  only  occur  in  the  interior  of  the  kiln,  and 
since  the  movement  of  the  gases  is  much  slower  there  than  in 
the  fire-hole,  on  account  of  the  greater  area  of  the  cross^section, 
the  mixture  of  air  and  coal  gas  could  only  be  incomplete.  Not 
until  the  flame  had  passed  through  the  small  openings  in  the 
arch  to  enter  into  the  upper  kiln  could  the  mixture  become  more 
perfect,  and  the  combustion  take  place  as  far  as  the  oxygen  pres- 
ent permitted  it.  The  burning  of  the  faience  ware,  therefore, 
took  place  for  the  most  part  under  a  very  intensely  reducing  kiln 
condition,  excepting  at  the  beginning,  where  the  charges  of  coal 
were  small  for  the  purposes  of  slow  heating.  During  the  cool- 
ing, however,  oxygen  was  present  in  great  excess.  If  from  the 
results  of  the  analysis  obtained  from  the  main  bum  in  the  lower 
kiln  we  take  the  average  of  those  samples  which  were  taken 
during  the  slow  fire,  then  of  those  taken  immediately  after 
charging,  and  finally  of  those  with  the  fire  burnt  down  in  the  lower 
kiln  we  obtain  the  following  expressions  for  the  supply  of  air,  the 
theoretically  necessary  amount  being  put  at  loo,  as  in  the  large 
table. 


Lower  kiln,  under  the  arch   - 
Lower  kiln,  above  the  kiln  floor 
Upper  kiln 


Slow  fire. 
Percent. 


153 
149 

174 


Immediately  after 

firing. 

Percent. 


86 
67 
82 


Fire  burnt 

down. 

PercenL 


89 
92 

114 


After  the  conclusion  of  the  bum  in  the  lower  kiln,  samples 
were  still  drawn  from  it  in  order  to  see  whether  gases  did  not 
move  down  from  the  upper  kiln  through  the  open  passageways ; 
but  in  general  this  need  not  be  feared  as  the  daubing  of  the 
lower  fireplaces  can  never  make  them  absolutely  air-tight ;  air 
also  enters  the  kiln  through  crevices,  and  this  must  always  move 
upward. 
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J.   Vertical  Two-Story  Porcelain  Kiln  of  the  Royal 

Porcelain  Factory 

The  kiln  used  in  the  Royal  Porcelain  Factory  for  making 
experiments  on  a  large  scale,  and  for  burning  porcelain  decorated 
under  the  glaze,  is  circular  and  has  in  the  lower  part  a  diameter 
of  1.5  meters  and  a  height  of  2  meters  at  the  center  of  the  arch. 
The  biscuit  kiln  constructed  above  it  has  the  same  diameter  and  a 
height  of  1.6  meters,  and  is  connected  with  the  glost  kiln  by  a 
round  central  flue,  23  cm.  in  diameter  and  three  square  lateral 
flues  with  sides  of  10  cm.  The  firing  is  done  only  with  split  pine 
wood  in  three  slant  grate  furnaces ;  the  fire-boxes  have  a  length 
of  55  cm.  and  a  width  of  44  cm.,  but  can  be  narrowed,  according 
to  requirements  by  fire-clay  tiles  inserted  perpendicularly.  The 
three  fire-boxes  open  above  have,  at  a  depth  of  45  cm.,  a  projec- 
tion in  the  wall  5  cm.  wide  which  serves  as  a  support  for  the 
billets  of  wood  which  are  cut  to  the  same  length.  Under  this 
projection  in  the  wall  there  is  a  pit  65  cm.  deep,  which  receives 
the  charcoal  falling  down  from  the  hearth,  and  to  which  air  is 
supplied  for  complete  combustion  by  an  opening  at  the  side,  15 
cm.  wide  and  8  cm.  high.  According  to  necessity  the  opening 
may  be  narrowed  by  the  insertion  of  bricks.  The  air  serving 
for  combustion  enters  in  part  from  above  through  the  layer  of 
wood,  45  cm.  deep,  in  part  through  the  openings  in  the  lower 
box.  The  wood  is  always*  supplied  as  fast  as  it  bums  down  so 
that  the  fire-boxes  are  constantly  kept  full.  The  flame  passes 
through  the  flame  holes  into  a  ring-shaped  flue,  20  cm.  wide,  in 
the  bottom  of  the  kiln  above  which  a  ring-like  bench  is  formed 
by  setting  up  fire-brick  and  covering  them  with  tiles ;  on  this 
bench  the  extreme  ring  of  saggers  is  placed ;  the  flame  is  forced 
through  the  spaces,  2  to  3  cm.  wide,  which  have  been  left  be- 
tween the  bricks  of  the  bench  into  the  kiln  space  proper.  The 
burning  lasts  from  fifteen  to  sixteen  hours. 

In  all  burns,  in  which  the  progress  was  investigated,  the 
charge  of  the  glost  kiln  consisted  of  porcelain,  painted  under  the 


156  TREATISES  OP  A  GENERAL  SCIENTIFIC  NATURE 

glaze,  with  cobalt  oxide  colors  and  only  in  the  lower  parts,  most 
exposed  to  the  fire,  of  thick  white  porcelain. 

The  samples  of  gas  were  taken  from  the  kiln  partly  through 
the  door  of  the  glost  kiln  by  the  insertion  of  porcelain  tubes 
which  extended  20  cm.  beyond  the  first  stand  of  saggers,  partly 
in  the  biscuit  kiln  over  the  middle  flue  so  that  the  tube  ended 
in  the  flame  coming  from  the  same.  On  inserting  the  tubes  into 
the  glost  kiln  0.5  meter  above  the  floor  and  0.5  meter  under  the 
arch,  they  were  not  placed  perpendicularly  over  one  another, 
but  one  on  the  right  and  the  other  on  the  left  of  the  door.  The 
samples  were  taken  simultaneously,  generally  at  intervals  of  an 
hour. 

The  tables  Ilia,  III^,  IIIc  show  the  course  of  three  bums. 

The  accompanying  tables  furnish  a  very  instructive  ac- 
count of  the  course  of  the  combustion  in  the  porcelain  kiln 
from  a  dark  red  heat  to  the  conclusion  of  the  burn,  when 
the  temperature  reaches  the  melting-point  of  wrought  iron, — 
the  highest  temperature  which  can  be  obtained  in  large  kilns 
with  the  ordinary  means  of  combustion.  In  consequence  of  the 
constant  and  uniform  supply  of  fuel  and  the  constant  exit  of  the 
flames,  only  slight  deviations  appear  in  the  composition  of  the 
gases  in  the  various  zones  of  the  kiln  as  well  as  after  successive 
intervals.  Only  from  the  time  the  fire-box  is  reduced,  which 
causes  a  decrease  of  the  fuel  supply  in  the  last  stages  of  the  bum, 
which  experience  has  shown  to  be  necessary,  an  increase  of  the 
oxygen  content  of  the  fire  gas  takes  place  or  a  lessening  of  the 
reducing  effect  of  the  kiln  atmosphere  as  far  as  the  oxygen  is 
not  present  in  excess.  This  change  in  the  course  of  the  firing 
coincides  with  the  temperature  at  which  body  and  glaze  begin 
to  soften  and  which  causes  the  closing  of  the  pores. 

Among  specialists  the  view  is  often  held  that  it  is  abso- 
lutely necessary,  for  the  burning  of  porcelain,  to  fill  the  kiln  with 
a  highly  reducing  gas,  and  that  every  access  of  free  atmospheric 
air  is  to  be  avoided ;  if  not,  all  kinds  of  defects,  especially  pock- 
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marked  porcdain,  will  result  According  to  the  present  de- 
terminations, which  are  confirmed  by  experiments  made  with 
kilns  of  other  systems,  that  are  used  in  the  porcelain  industrvi 
this  necessity  does  not  appear,  a  fact  which  is  to  be  well  con- 
sidered from  an  economic  standpoint  If  we  take  the  averages 
from  the  foregoing  tables  we  get  the  foUowing  percentages  of 
air: 


the  kOa  floor. 
Fer  ecBt. 

o.5ni.«Bdcr 
Uwaich. 
Per  cent 

lathe 

center  flae. 

Per  oeat. 

AvefOfe. 
Per  oeat. 

Bum  a           '           ' 

Bum  b 

Bum  c           '           ' 

77 
95 

74 
89 

118     • 
91 

118 

75.5 
92 

i.  e.j  in  bum  a  the  fire  gases  were  oxidizing,  since  on  an  average 
18  per  cent  more  than  is  necessary  for  complete  combustion 
passed  through  the  kiln ;  in  bum  ^,  24.5  per  cent  of  the  theo- 
retically necessary  amount  was  lacking ;  in  bum  c^  8  per  cent ; 
in  the  last  two  cases  the  kiln  atmosphere  was  therefore  reducing. 
In  all  three  cases  the  quality  of  the  white  porcelain  obtained  was 
good,  in  a  the  color  showed  a  yellowish  tinge,  in  6  and  c  a  blu- 
ish tinge,  the  painting  with  cobalt  oxide  showing  greater  defects 
the  more  reducing  the  kiln  atmosphere  had  been.  It  therefore 
seems  as  if  for  the  production  of  white  porcelain  an  excess  of 
combustible  gases  in  the  kiln  within  certain  limits  and  during 
the  entire  length  of  the  bum,  is  not  injurious,  nor  is  it  absolutely 
necessary,  while  for  the  most  stable  of  the  underglaze  colors 
(the  cobalt  oxide)  with  strongly  reducing  gases  an  injurious 
effect  is  to  be  expected. 

The  yellowish  or  bluish  tinges  which  the  porcelain,  made 
from  the  same  body,  takes  in  the  fire,  must  be  ascribed  to  com- 
pounds of  iron  which  are  never  completely  wanting  in  the  raw 
materials  used.  The  soft  biscuit  possesses  for  the  most  part  a 
reddish  or  yellowish  color  which  is  to  be  ascribed  to  its  content 
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of  free  oxide  of  iron ;  according  to  experiments*  previously  com- 
municated, clays  slightly  colored  by  oxide  of  iron  take  on  a  gray 
color  when  they  are  heated  at  a  light  red  heat  in  an  atmosphere 
of  reducing  gases  which  vanishes  again  by  a  subsequent  heating 
in  an  atmosphere  high  in  oxygen,  passing  over  into  yellow  with 
a  high  content  of  iron  and  into  a  pure  white  with  a  small  pro- 
portion of  iron.  This  change  in  color  seems  to  be  caused  by  a 
reaction  of  the  silicates  of  alumina  and  the  free  silicic  acid  on 
the  ferrous  oxide  formed  in  the  reducing  atmosphere,  which  on 
account  of  its  pronounced  basic  characteristics,  which  the  ferric 
oxide  possesses  in  a  much  less  degree,  unites  more  readily  with 
the  silicates  than  the  latter  and  passes  over  into  pale  yellow  or 
white  silicates  of  iron  and  alumina,  while  under  similar  influ- 
ences the  free  iron  oxide  again  obtains  its  red  or  brown  color. 
This  same  process  must  also  take  place  in  the  burning  of  porce- 
lain, and  according  to  the  figures  given  in  Table  Ilia  it  seems 
as  if  it  were  sufficient  for  the  production  of  white  porcelain,  that 
only  in  the  first  stages  of  the  bum,  before  the  beginning  of  the 
condensation  of  the  body  and  the  melting  of  the  glaze,  reducing 
influences  make  themselves  felt  for  a  time,  and  that  an  excess  of 
oxygen  later  on  in  the  burn  cannot  destroy  the  white  color 
caused  under  these  circumstances,  in  spite  of  the  fact  that  the 
ferrous  oxide  again  finds  an  opportunity  of  changing  into  the  ferric 
oxide.  Only  in  the  case  when  the  body  during  the  whole  course 
of  the  bum  had  no  opportunity  of  coming  in  contact  with  re- 
ducing gases,  but  was  burned  in  an  atmosphere  always  contain- 
ing an  excess  of  oxygen,  it  seems  to  retain  the  yellow  color  of 
the  biscuit  This  yellow  color  must,  however,  not  be  confused 
with  the  brownish  color  which  is  given  to  porcelain  by  "  smoke." 
This  permanent  yellow  color  can  appear  in  such  places  at  which 
a  current  of  air  penetrates  through  crevices  in  the  kiln  wall. 
This  will  take  place  especially  at  the  peep-holes  and  openings 
for  the  taking  of  samples,  especially  if  they  are  only  closed  by 

'  Thonindnstrie-Zeituiigi  1877,  No.  3:  "The  Significance  of  the  Continaons 
Kiln  for  the  Clayware  Indnstry." 
iz 
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simple  glass  or  mica  plates.  This  will  explain  also  the  phenome- 
non often  observed  that  only  the  test  pieces  are  yellow  while 
the  contents  of  the  kiln  are  faultless.  The  opposite  case  cannot 
easily  occur  unless  it  be  that  a  coloring  of  the  porcelain  has 
taken  place  by  carbon  set  free  by  a  vigorous  reducing  effect, 
passing  beyond  a  certain  limit  If  there  is  only  a  slight  excess 
of  reducing  gases  in  the  kiln  during  the  burning,  the  white  color 
of  the  porcelain  has  a  bluish  tinge,  which  may  perhaps  be  as- 
cribed to  the  formation  of  a  ferrous  silicate,  very  high  in  silicic 
acid,  while  the  silicates  of  the  ferrous  oxide  low  in  silicic  acid, 
as  they  may  be  formed  in  clays  high  in  iron  and  low  in  silicic 
acid,  produce  a  grayish  blue  color  (stoneware)  or  a  black  color 
(clinkers).  The  experience  that  by  the  addition  of  quartz,  greater 
transparency  and  a  bluish  color  is  given  to  the  porcelain,  finds 
its  reason  perhaps  solely  in  this  fact 

According  to  Table  Ilia,  and  observations  to  be  given 
later  on,  it  does  not  seem  at  all  advisable  to  maintain  an  ex- 
cess of  combustible  gases  in  the  burning  of  the  porcelain,  dur- 
ing  the  whole  time  of  the  burn.  It  should  be  our  endeavor 
to  obtain,  as  nearly  as  possible,  conditions  under  which  the  air 
supplied  just  suffices  to  bum  the  fuel  to  carbon  dioxide  and 
water  vapor,  as  the  condition  in  which  the  greatest  economy  in 
fuel  is  to  be  expected.  It  might  not  be  always  possible  from  the 
practical  standpoint  to  keep  within  these  conditions.  In  a 
large  kiln  it  is  undoubtedly  much  more  difficult  with  a  neutral 
but  short  flame,  to  produce  the  very  high  temperature  required 
uniformly  throughout  the  whole  kiln,  than  with  a  long  flame  not 
sufficiently  fed  with  oxygen ;  and  experience  has  taught  that 
with  a  uniform  flame,  completely  filling  the  kiln,  and  with  a 
smoking  chimney,  in  spite  of  the  waste  of  fuel  connected  with 
it,  the  operation  will  always  be  much  safer  and  less  liable  to 
a  local  overheating,  than  with  a  short,  smokeless  flame.  Never- 
theless, it  will  be  important  to  keep  in  mind  that  for  colored 
porcelains  the  best  conditions  for  a  successful  bum  are  differ- 
ent from  those  of  white  porcelain,  and  that  a  management  of 
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the  kiln  which  affords  safety  for  the  latter  may  be  far  from  sure 
for  the  production  of  colored  porcelain.  In  this  there  are  proba- 
bly to  be  found  the  chief  difficulties  of  the  use  of  underglaze 
colors  and  hard  porcelain  body  colors. 

B.    Horizontal  Kilns 

(Kilns  with  Horizontal  Direction  of  Flames) 

4.  Conitnuaus  Brick  Kiln  in  Heegermuhle 

The  kiln  differs  but  little  in  its  construction  from  the  or- 
dinary Hoffmann  continuous  kilns.  It  is,  however,  rather  short. 
The  number  of  chambers  is  nine,  4  meters  wide,  3  meters  high, 
and  6  meters  long ;  the  number  of  fire-holes  is  twenty  for  each 
chamber,  which  are  arranged  in  cross  rows  containing  alternately 
two  and  three.  The  firing  was  done  by  means  of  an  earthy  lig- 
nite of  low  fuel  value,  from  Freienwalde  on  the  Oder,  with  the 
addition  of  one-fourth  of  Bohemian  lignite.  Since  the  amount 
of  coal  to  be  supplied  is  very  large,  on  account  of  the  low  heat- 
ing value,  about  26  to  30  pounds  per  hole,  the  firing  flues 
with  their  projections  could  not  catch  this  amount  and  the 
larger  amount  of  the  fuel  fell  upon  the  kiln-floor.  The  firing 
took  place  in  8  rows  of  holes,  one  after  the  other,  none  being 
omitted.  The  bricks  obtained  were  yellow,  and  yellowish  green 
clinkers  and  hard  brick  almost  free  from  efflorescence  in  the 
lower  part ;  in  the  upper  part,  especially  between  the  firing  flues, 
the  bricks  were  softer,  common  brick  more  or  less  red  colored. 
The  raw  material  was  the  same  as  that  of  the  Heegermtihle 
brick  kiln  first  discussed. 

In  the  manner  of  setting  and  firing  there  was  no  deviation 
from  the  ordinary  procedure,  except  that  twice  a  day  the 
draft  was  reduced  to  a  minimum  for  about  half  an  hour,  im- 
mediately after  firing,  just  enough  to  prevent  the  smoke  devel- 
oped from  passing  into  the  portions  of  the  kiln  that  were  already 
cooling;  when  the  smoke  had  disappeared  the  draft  was  cut 
off  completely.     This  was  done,  partly  to  raise  the  temperature, 
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always  low  under  the  arch,  under  ordinary  circumstances,  and 
partly  to  make  it  possible  to  bring  about  those  conditions  which 
develop  the  natural  yellow  color  also  in  the  upper  parts  of  the 
kiln,  £  e.^  bring  about  the  action  of  a  reducing  kiln  atmosphere. 

The  samples  were  taken  from  the  kiln  by  means  of  two 
iron  tubes,  glazed  on  the  inside  by  means  of  boric  acid  and  sand, 
which  were  introduced  through  one  of  the  doors  into  the  empty 
space  formed  in  the  brick  by  the  paper  partition.  They  were  so 
placed  through  the  wall,  closing  the  door-opening,  that  the  tubes 
ended  about  0.3  meter  under  the  center  of  the  arch  and  0.3  meter 
above  the  floor  of  the  furnace,  about  midway  between  two  firing 
flues. 

The  samples  were  taken  on  three  successive  days  at  the 
same  place  in  the  kiln  while  the  fire  passed  it  On  the  first  day 
the  sample  was  taken  from  the  low  fire,  about  2  meters  before 
the  row  of  holes  fired  first ;  on  the  second  day  from  the  full  fire; 
and  on  the  third  from  the  back  part  of  the  kiln,  where  the  tem- 
perature had  already  begun  to  fall. 

Table  IV  shows  the  changes  in  the  kiln.  As  will  be  ob- 
served, the  composition  of  the  fire  gases  varies  exceedingly  ac- 
cording to  the  time  that  has  elapsed  after  firing,  according  to 
the  height  in  the  furnace,  and  according  to  whether  the  sam- 
ples were  taken  in  the  slow  fire,  in  the  middle,  or  at  the  end 
of  the  full  fire.  In  general,  a  considerable  excess  of  unburned 
gases  is  found  along  the  kiln  floor  even  immediately  before  a 
new  charge  of  fuel,  while  under  the  arch  there  is  always  a  con- 
siderable excess  of  oxygen  available  for  combustion.  After  the 
low  fire  the  difiEerences  are  diminished  by  the  gradual  diflFusion 
of  the  upper  and  lower  currents  of  air  and  increased  towards  the 
rear  of  the  full  fire.  When  the  draft  is  temporarily  cut  ofiE  an 
equalization  takes  place  in  so  far  as  the  oxygen  contained  in  the 
kiln  is  entirely  or  almost  consumed  above  as  well  as  below  and 
its  place  is  taken  by  a  usually  only  slight  excess  of  combusti- 
ble gases  found  under  the  arch.  At  the  same  time  an  extraordi- 
nary rise  in  the  content  of  carbon  dioxide  is  noted.     This  car- 
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bon  dioxide  cannot  all  have  come  from  the  combustion  of  the  lig- 
nite; its  origin  must  be  looked  for  elsewhere.  Since  in  combus- 
tion one  part  of  oxygen  furnishes  exactly  one  part,  by  volume, 
of  carbon  dioxide  and  the  atmospheric  air  contains  2i  per  cent  of 
oxygen,  the  carbon  dioxide  formed  in  the  fire  gases,  from  combus- 
tion, can  at  most  amount  only  to  2 1  per  cent  if  pure  carbon  free  | 
from  hydrogen  (coke,  charcoal),  is  burned.  A  rise  in  the  con- 
tent of  carbon  dioxide  to  50  or  60  per  cent,  as  was  often  noted, 
may  have  two  causes :  First,  while  the  draft  is  shut  o£F,  in  the 
continued  evolution  of  carbon  dioxide  from  the  clay  which  con- 
tains 16  to  18  per  cent  of  calcium  carbonate  in  the  raw  condi- 
tion ;  second,  perhaps,  in  the  supply  of  oxygen  to  the  combustion, 
which  has  no  connection  with  the  atmospheric  air.  As  such  we 
may  take  the  oxygen  of  the  oxide  of  iron  contained  in  the  clay. 
That  a  large  amount  of  oxygen  is  given  ofiF  by  the  oxide  of  iron, 
and  inversely  that  a  laige  amount  of  oxygen  is  taken  up  out  of  the 
fire  gas  after  a  reduction,  is  very  probable  and  finds  its  confirma- 
tion in  observations  communicated  below,  where  a  disappear- 
ance of  oxygen  compounds  from  the  fire  gases  is  observed  much 
more  strikingly  after  a  reduction  than  in  this  kiln. 

By  cutting  ofiF  the  draft  and  the  reducing  atmosphere  thus 
produced  throughout  the  kiln,  a  vigorous  evolution  of  gaseous 
sulphur  compounds  from  the  clay  took  place  ;  the  gases  drawn 
from  under  the  arch  had  an  intense  odor  of  sulphurous  acid, 
those  from  the  floor  of  the  kiln,  of  hydrogen  sulphide ;  with  the 
usual  manipulation  of  the  fire  only  the  gases  drawn  from  the 
floor  of  the  kiln  had  a  sulphurous  odor,  at  times  of  sulphurous 
acid  and  again  of  hydrogen  sulphide. 

5.  Brick  Kiln  of  the  Splau  Clay  Wbrks^  a  S(hCalled  Partially 

Continuous  Kiln. 

The  kiln  possesses  a  burning  tunnel  about  10  meters  long, 
3.5  meters  wide,  and  3  meters  high,  which  is  covered  with  an 
arch  constructed  according  to  the  line  of  a  catenary ;  at  the  one 
end  is  a  grate  extending  through  the  whole  width  of  the  kiln. 
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formed  by  narrow  rods  about  r  meter  long  with  spaces  about  5 
mm.  wide.  Fuel  can  be  supplied  to  this  grate  through  three 
doors.  At  the  other  end  of  the  kiln  by  the  side  of  the  door  in 
the  wall,  two  openings  are  arranged  in  the  kiln  floor  capable 
of  being  closed  by  sliding  dampers ;  by  means  of  underground 
flues  these  apertures  are  in  connection  with  a  high  chimney. 
Banning  2  meters  from  the  grate  six  slit-like  openings  are 
arranged  in  the  arch  at  intervals  of  i  meter.  These  openings 
may  be  closed  by  means  of  iron  boxes  whose  edges  dip  into  sand 
grooves  on  the  platform  of  the  kiln,  and  which  serve  to  charge 
fuel  into  the  burning  kiln  from  above.  The  bricks  to  be  burned 
were  set  with  three  floor  flues,  running  through  the  whole  length, 
25  cm.  high  and  12  cm.  wide,  the  bricks  lying  flat  with  spaces 
of  3  to  4  cm.  Under  the  slits  in  the  arch,  firing  slits  were  left  in 
the  setting ;  these  slits  had  regular  projections  of  bricks  in  every 
course  in  order  to  provide  a  support  for  the  coal  thrown  in  from 
above.  The  firing  took  place  at  regular  intervals  with  measured 
amounts  of  fuel ;  at  first  a  strong  fire  was  built  on  the  grate 
only.  After  the  brick  had  begun  to  be  dark  red  at  the  middle 
of  the  kiln,  firing  through  the  slits  in  the  arch  was  also  begun, 
and  the  number  of  slits  fired  was  gradually  increased.-  The  fuel  was 
supplied  from  above  in  measured  quantities  and  always  seven  to 
ten  minutes  later  than  on  the  grate  below.  The  product  is  a 
fine  face  brick  of  a  yellow  to  a  buff  color,  produced  from  lignite 
clays,  free  from  lime,  and  belonging  to  the  lowest  class  of  fire 
clays. 

The  samples  of  gas  were  taken  on  the  first  day  by  means  of 
iron  tubes  inserted  in  the  slit  in  the  arch  nearest  to  the  grate, 
at  a  horizontal  distance  of  2  meters  from  the  grate,  o.  i  meter 
above  the  floor,  and  o.  i  meter  under  the  arch ;  on  the  second  and 
third  day  the  samples  were  taken  through  the  door  opposite  the 
fire,  simultaneously  at  a  height  of  1.5  meters  and  0.3  meter  above 
the  floor,  and  0.8  meter  under  the  arch. 

Table  V  contains  the  results  of  the  investigation.     Sum- 


i68 


TREATISES  OF  A  GENERAL  SCIENTIFIC  NATURE 


ming  up  the  similar  moments  and  taking  the  averages,  we  obtain 
the  following  account  of  the  burning  process : 


Air  under 

Air  At 

the  arch. 

the  floor. 

Per  cent. 

Per  cemt. 

I.  Fired   only  from  the  grate;  grate 

com- 

pletely  covered  with  coal: 

a.  Immediately  after  firing 

- 

114 

82 

b.  Fire  burned  down  completely 

286 

264 

2.  Fired  only  from    the  grate;  grate 

bare 

about  lo  to  15  cm.  in  the  rear: 

a.  Immediatdy  after  firing 

- 

147 

365 

d.  Fire  burned  down  completely     - 

496 

1 120 

3.  Fired  through  four  slits  only,   immedi- 

ately after  firing 

- 

98.5 

93.5 

4.  Fired  from  the  grate  immediately 

after 

firing  through  the  slits: 

a.  Immediately  after  firing  - 

91 

33 

d.  Fire  burned  down  completely 

- 

103 

91 

As  may  be  seen  from  these  figures  the  distribution  of  the 
combustible  gases  arising  from  the  decomposition  of  the  fuel  and 
of  the  atmospheric  air  supplied  for  combustion,  is  by  no  means 
uniform.  With  the  usual  regulation  of  the  fire  (£  ^.,  when 
the  grate  is  covered  as  evenly  as  possible  with  fuel),  there  isi 
even  immediately  after  firing,  a  larger  amount  of  atmospheric  air 
present  in  the  upper  parts  of  the  kiln  than  is  necessary  for  com- 
bustion ;  in  the  lower  parts,  on  the  contrary,  a  lack  of  air  and, 
therefore,  direct  loss  of  fuel  appears.  The  combustible  gases  be- 
low are  not  utilized  later.  When  the  samples  were  taken  during 
the  first  two  days  no  red  heat  was  visible  at  the  points  in  ques- 
tion, and  a  mixing  of  the  upper  and  lower  currents  could  therefore 
take  place  only  in  a  part  of  the  kiln,  in  which  the  temperature 
was  so  low  that  ignition  was  impossible.  If,  on  the  other  hand,  a 
part  of  the  grate  remains  uncovered  in  the  rear,  together  with  a 
large  increase  in  air,  the  opposite  case  will  arise  so  that  the  lower 
part  of  the  kiln  becomes  richer  in  air.  The  admission  of  air 
behind  the  fire  may  often  become  the  means  of  avoiding  these 
irregularities  and  preventing  the  escape  of  the  unused  gases  to 
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the  Stack,  especially  during  the  latter  part  of  the  bum  when  the 
unbumt  gases  along  the  kiln  floor  increase  still  more  in  quantity. 

After  firing  through  the  slits  in  the  arch  alone,  the  compo- 
sition of  the  fire  gas  is  almost  entirely  uniform,  although  even 
here  a  somewhat  greater  reducing  efiEect  is  noticed  in  the  lower 
part  This  improved  proportion,  as  compared  with  the  contin- 
uous kiln  previously  discussed,  is  probably  to  be  ascribed  solely 
to  the  circumstance,  that  here  in  the  firing  slits  far  more  points 
of  support  are  given  than  in  the  shafts  of  the  former,  and  that 
therefore  a  smaller  part  of  the  fuel  which  also  is  of  better  quality 
dropped  to  the  floor  of  the  kiln.  An  extraordinarily  large  ex- 
cess of  unbumed  gases  appeared  along  the  floor  of  the  kiln  after 
firing  the  grate  when  the  slits  had  just  been  fired. 

Through  these  inequalities  in  the  composition  of  the  fire 
gases  the  face  brick  in  the  kiln  are  exposed  to  quite  di£Eerent 
influences.  In  the  upper  part  of  the  kiln  there  may  be  noticed 
a  continuous  fluctuation  between  reducing  and  oxidizing  influ- 
ences from  one  firing  to  another ;  in  the  lower  part,  however,  at 
least  in  the  period  of  the  strongest  fire,  there  is  only  a  reducing 
condition,  since  here  even  before  a  new  charge  of  fuel  no  excess  of 
air  is  present  This  difference  is  shown  in  the  appearance  of 
the  burned  bricks.  While  the  larger  part  of  the  kiln  contents 
has  a  brownish  so-called  buff  color,  varying  within  very  few 
shades,  according  to  the  higher  or  lower  temperature,  the  lower 
parts  of  the  kiln  possess  a  more  reddish  color,  and  at  the  same 
time  show  a  weak  luster  owing  to  a  very  thin  glaze.  The  lat- 
ter seems  to  have  come  from  a  vaporization  of  alkalies  from  the 
ash  of  the  fuel. 

A  number  of  the  analyses  shows  a  very  peculiar  phenome- 
non in  the  proportion  of  indifferent  nitrogen  to  the  products  of 
combustion  and  the  unused  oxygen  which  was  already  indicated 
in  discussing  the  figures  observed  in  the  Heegermtihle  continu- 
ous kiln.  These  are  the  samples  taken  on  the  morning  of  the 
4th  of  November  at  10.50,  11.20,  a.55,  and  3.25  in  the  upper 
part  of  the  kiln. 
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A  decrease  in  the  nitrogen  content  of  the  fire  gases  below 
the  content  of  nitrogen  in  atmospheric  air  can  take  place  by  a 
mixing  with  products  of  the  distillation  of  coal,  and  is,  there- 
fore, not  strange;  on  the  other  hand  a  considerable  increase  above 
the  nitrogen  in  the  atmospheric  air  is  less  easily  explained. 
When  pure  carbon  bums  in  atmospheric  air,  say  charcoal,  there 
is  formed  from  every  part  by  volume  of  oxygen  used  one  part 
by  volume  of  carbon  dioxide.  The  proportion  of  nitrogen,  there- 
fore, remains  unchanged,  and  since  the  air  contains  21  per  cent  of 
oxygen  if  no  other  sources  for  the  formation  of  carbon  dioxide  are 
present  (for  example,  the  heating  of  calcium  carbonate),  the  sum 
will  be:  carbon  dioxide  plus  oxygen  equals  21  per  cent.  This  pro- 
portion is  changed  somewhat  when  the  fuel  contains  more  hydro, 
gen  than  corresponds  to  the  oxygen,  also  contained  in  it,  required 
for  the  formation  of  water ;  this  surplus  is  then  likewise  con- 
sumed by  the  oxygen  of  the  air.  This  takes  place  with  the 
most  of  the  fuels  used,  wood,  lignite,  coal,  etc  The  amount  of 
this  free  hydrogen  is,  however,  always  small  and  the  analysis 
can,  therefore,  give  values  for  the  sum  of  oxygen  and  carbon 
dioxide  but  little  smaller  than  2 1  per  cent  and  correspondingly 
larger  ones  for  the  nitrogen. 

If  we  examine  the  foregoing  as  well  as  following  analyses 
that  show  complete  combustion,  we  will,  therefore,  find  that  in 
the  majority  the  sum  of  oxygen  and  carbon  dioxide  fluctuates 
between  19  and  21  per  cent,  and  only  in  a  few  goes  down  to  17 
per  cent.  In  the  cases  discussed  here,  however,  this  sum  goes 
down  to  12.5,  8.5,  and  9.9  per  cent  respectively.  This  striking 
fact  caused  the  immediate  repetition  of  the  determinations,  but 
the  same  result  was  obtained.  Such  a  drop  cannot  be  explained 
by  the  great  hydrogen  content  of  the  fuel,  not  even  if  the 
fuel  were  illuminating  gas,  which  is  richest  in  hydrogen ;  such 
an  explanation  would,  however,  also  prove  insufficient  if  we 
consider  that  the  samples  in  question  were  taken  when  the  fire 
had  burnt  down  altogether  and  the  hydrogen  compounds  of  the 
fuel  had  already  been  decomposed  and  carried  away. 
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An  absorption  of  the  carbon  dioxide  from  the  fire  g^ases  on 
the  part  of  the  constituents  of  the  clay  cannot  be  expected  at 
this  high  temperature,  and  there  remains,  therefore,  only  the 
explanation  that  a  removal  of  oxygen  has  taken  place.  This 
explanation  is  raised  to  evidence  if  we  consider  the  figures  pre- 
ceding those  above  mentioned.  A  vigorous  reducing  action  of 
the  fire  gases  always  preceded  the  phenomenon  which  occurs 
when  the  fire  was  burnt  down.  The  disappearance  of  oxygen 
cannot  be  ascribed  to  a  deposit  of  soot  since  then  a  like  volume 
of  carbon  dioxide  would  have  been  produced  in  place  of  it.  On 
the  other  hand,  the  iron  content  in  the  clay  explains  the  in- 
crease in  the  proportion  of  nitrogen  in  the  fire  gas  by  absorption 
of  oxygen.  Free  iron  oxide  may  be  decomposed  by  the  con- 
stituents of  the  fire  gases,  carbon  monoxide,  hydrocarbons,  and  hy- 
drogen even  at  a  dark  red  heat  and  all  the  more  easily  the  looser 
and  more  finely  divided  it  is.  The  action  takes  place  in  this 
way :  oxygen  is  withdrawn  from  the  ferric  oxide  which  bums 
the  carbon  monoxide  to  carbon  dioxide,  the  hydrocarbons  to  car- 
bon dioxide  and  water  vapor,  and  the  hydrogen  to  water  vapor ; 
the  ferric  oxide  is  changed  to  an  oxide  low  in  oxygen,  the  ferroso- 
ferric  oxide,  or  ferrous  oxide,  or  into  metallic  iron.  The  metal- 
lic iron  arising  at  a  comparatively  low  temperature,  far  under 
its  melting-point,  forms  a  black  spongy  mass  which  can  be  kept 
unchanged  only  when  the  air  is  completely  shut  ofiE.  As  soon 
as  it  comes  in  contact  with  air  it  ignites  of  its  own  accord  and 
bums  again  to  ferric  oxide  by  taking  up  oxygen.  This  eflEect 
must,  however,  take  place  before  the  ferric  oxide,  of  which  over 
3  per  cent  were  contained  in  the  clay  in  the  case  before  us,  is 
chemically  united  with  silicic  acid  and  only  admixed  mechanically. 
Accordingly  the  ferric  oxide  of  the  clay  can  take  a  lively  part 
in  the  process  of  combustion  in  so  far  as  it  furnishes  a  part  of 
the  oxygen  wanting  for  combustion  when  the  air  supply  is  in- 
sufficient, taking  on  this  oxygen  again  as  soon  as  there  is  an  excess 
of  air,  so  that  it  f  umishes  a  reservoir  for  oxygen,  so  to  speak.  That 
this  participation  in  the  combustion  is  considerable  is  indicated 
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by  the  fact  that  half  and  even  more  of  the  entire  oxygen  con- 
tent could  be  withdrawn  from  the  air  passing  through  the  kiln  ;  a 
like  amount  must,  however,  have  been  given  ofiE  by  the  ferric  oxide 
in  the  preceding  period  of  reduction.  From  the  composition  of 
the  gases  during  the  period  of  reduction  we  cannot  find  directly 
whether  the  combustion  has  taken  place  at  the  expense  of  the 
oxygen  of  the  air,  or  also  at  the  expense  of  the  ferric  oxide  of 
the  clay,  since  the  amount  of  carbon  dioxide  which  in  very 
many  cases  is  greater  than  •'/-,  ot  the  nitrogen  may  also  have 
been  increased  by  the  production  of  carbon  dioxide  as  a  product 
of  the  distillation  of  coal. 

6.  Stoneware  Kiln  0/ Joseph  Schult^  in  Hoehr 
The  kiln  which  serves  for  the  burning  of  the  pearl-gray 
salt  glazed  Koblenz  stoneware  colored  blue  with  cobalt  has  the 
construction  very  common  in  the  so-called  Kannenbaeckerland  as 
it  has  been  used  there  for  centuries.  The  kiln  space,  oblong  in 
outline,  is  about  6  meters  long,  2  meters  wide  at  the  bottom, 
and  2  meters  high.  The  profile  of  the  arch  forming  the  kiln 
space  is  that  of  a  raised  ellipse.  In  the  kiln  arch,  which  is  ac- 
cessible from  the  outside  by  a  gallery  formed  by  masonry,  two- 
thirds  as  high  as  the  kiln,  there  are  twenty-seven  round  open, 
ings  unifonnly  distributed  in  three  rows  which  serve  as  vents 
for  the  products  of  combustion  and  can  be  closed,  more  or  less, 
by  clay  tiles  laid  on  top.  The  two  series  of  holes  on  the  long 
sides  serve  at  the  same  time  for  the  drawing  of  trials  and  throw- 
ing salt  into  the  kiln  and  have  for  this  purpose  branches  leading 
horizontally  outward,  immediately  above  the  arch,  which  are 
generally  kept  closed  by  means  of  tiles  placed  in  front  of  them. 
The  bottom  of  the  kiln  is  formed  by  a  number  of  arches  which 
have  spaces,  10  cm.  wide,  throughout  the  whole  width  of  the 
kiln  and  which  cover  the  flue,  0.5  meter  high,  extending  through 
the  whole  width  and  length  of  the  kiln.  On  the  one  end  of  the 
kiln  there  are  three  fireplaces  provided  with  iron  grates,  doors, 
and  ash  pits,  each  i  meter  long  and  0.5  meter  wide,  below  the 
kiln  space  and  separated  from  it  by  the  perforated  arches.     At 
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the  opposite  end  is  the  door  ;  after  closing  it  an  opening  is  also 
left  here  for  the  exit  of  the  flame,  about  15  cm.  in  diameter,  to 
cause  the  flame  to  come  up  to  the  door.  The  fire  from  the  grates 
is  distributed  below  *the  whole  floor  of  the  kiln  through  the  flue, 
rising  somewhat  towards  the  rear,  and  passes  into  the  kiln  space 
through  the  slits  which  are  left  between  the  arches  forming  the 
floor.  In  order  to  be  able  to  break  and  distribute  the  fire  better 
these  slits  in  the  kiln  floor  are  covered  with  burnt  clay  blocks  3 
cm.  thick  and  about  15  cm.  long,  similar  to  a  grate.  The  con- 
struction is  thus  not  exactly  that  of  a  horizontal  kiln,  but  that 
of  a  link  between  the  vertical  and  horizontal  kiln  in  which  the 
direction  of  the  flame  is  at  first  a  horizontal  and  then  a  rising 
one.  The  dry  ware  is  set  without  saggers,  only  with  the  help 
of  clay  plates,  rings,  and  wads  that  are  cut  from  stifiF  clay.  The 
kiln  was  fired  with  wood  only,  and  for  three  days;  the  fijre  is 
gradually  increased  until  a  strong  shrinkage  of  the  ware  is  noted 
and  a  test,  made  by  throwing  salt  on  small  vessels  under  the 
arch  or  perforated  test  sherds,  indicates  the  temperature  at  which 
the  salting  can  take  place.  By  covering  and  opening  the  holes 
in  the  arch  for  a  time  the  flame  is  so  regulated  that  the  heat  is 
uniformly  distributed  in  the  kiln.  When  the  correct  degree  of 
heat  is  attained  the  fire  is  kept  burning  briskly  and  the  salt  in- 
troduced by  two  workmen,  each  on  one  side  of  the  kiln,  through 
the  salt  holes  in  the  arch  by  means  of  long  iron  ladles  and  scat, 
tered  over  the  ware.  The  salting  is  done  twice  at  intervals  of  half 
an  hour,  using  100  to  1 20  kg.  of  denaturated  commercial  salt 
The  samples  of  gas  were  taken  in  the  last  hours  of  the  full 
fire  and  during  the  salting  by  means  of  clay  tubes,  0.75  meter 
long,  reaching  through  the  salt  holes  some  distance  under  the 
arch ;  the  samples  were  taken  at  both  ends  of  the  kiln,  simul- 
taneously, in  the  first  salt  hole  over  the  fireplace  and  in  the  last 
one  at  the  door  of  the  kiln.  After  each  supply  of  wood  to  the 
grates  a  dense  black  smoke  came  from  the  openings  which  was 
colored  less  intensely  at  the  fireplace  end  and  vanished  sooner 
than  at  the  opposite  end. 
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The  results  of  the  analyses  are  contained  in  Table  VI. 

If  we  neglect  the  last  salt  fires  in  which  there  was  a  more 
frequent  opening  of  doors  on  account  of  the  frequent  supply  of 
wood,  we  get  as  the  average  of  the  air  supply  during  the  ob- 
served period  of  full  fire : 


Above  the 
fireplace. 
Per  cent. 


At  the  door 

endofthekUn. 

Per  cent 


Immediately  after  firing 
Fire  burnt  down 


85.5 
152.5 


63-5 
99.5 


We  see  that  in  the  part  of  the  kiln  opposite  that  of  the  fire- 
place a  much  stronger  outflow  of  unbumt  gases  takes  place  and 
that  while  the  fire  burns  down  a  very  considerable  quantity  of 
excess  air  appears  above  it 

7.  Stoneware  Kiln  of  William  Zoeller  in  Grenzhausen 

This  kiln  has  the  same  construction  and  dimensions  as  the 
one  just  discussed,  but  serves  for  the  burning  of  mineral  water 
jugs  in  which  not  a  pearly  gray  color  of  the  body,  but  a  yellow- 
ish brown,  is  desired  by  the  consumers.  The  clay  used  contains 
some  iron,  and  in  its  raw  state  has  a  pale  rose  color.  According 
to  the  observations  made  the  desired  yellowish  brown  color  of 
the  jugs,  which  extends  only  to  the  surface  while  the  interior  of 
the  body  is  bluish-gray,  is  said  to  be  produced  by  setting  the 
ware  more  loosely  and  keeping  the  slits  in  the  bottom  of  the 
kiln  more  open  than  is  the  case  with  the  gray  stoneware. 

The  samples  were  drawn  exactly  as  in  the  preceding  kiln. 
During  the  taking  of  the  samples  the  heat  at  the  door  end  was 
diminishing ;  therefore,  to  increase  the  fire,  the  smoke  and  salt 
holes  above  the  fireplace  and  in  the  middle  of  the  kiln  were  cov- 
ered, and  only  those  at  the  door  end  opened,  the  draft  here  being 
increased  by  means  of  pipes  set  up  on  end.  The  salting  of  the 
kiln,  which  takes  place  with  closed  fire  doors,  was  performed 
about  eight  hours  after  the  taking  of  the  samples.  The  firing 
was  done  with  coal  with  the  addition  of  some  billets  of  cord 
wood. 
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Table  VII  contains  the  results  of  the  analyses.  The  bum, 
the  results  of  which  in  spite  of  the  great  difiEerences  of  tempera- 
ture at  the  beginning  were  entirely  normal,  can  serve  as  an  exam- 
ple to  show  what  the  conditions  are,  when,  by  damping  the 
flame  at  one  end  of  the  kiln,  the  fire  is  driven  to  the  other  end. 
While  the  atmospheric  air  which  penetrates  through  imperfec- 
tions in  the  fireplace  seems  to  seek  the  nearest  way  out  of  the  kiln, 
the  fire  gases  high  in  carbon  and  hydrogen  pass  along  the  bottom 
to  the  end  of  the  kiln  where  they  rise ;  but  when  the  fire  has 
burnt  down  completely,  a  greater  uniformity  in  the  composition 
of  the  gases  seems  to  appear.  While  immediately  after  firing 
half  of  the  combustible  products  of  the  decomposition  of  coal 
escape  unused,  still  in  the  rear  part  of  the  kiln  even  above  the 
fireplaces,  the  amount  of  oxygen  passing  in  is  considerably  larger 
than  would  be  necessary  for  economic  combustion. 

8.  Kiln  for  Common  Faience  Ware  of  Gottfried  Schoeffel  6f 

Sonj  in  Berlin 

The  kiln  is  a  so-called  'Spotter's  long  kiln"  fired  with  wood. 
It  has  an  oblong  shape,  is  4.5  meters  long,  1.9  meters  wide,  1.6 
meters  high,  at  the  center  of  the  flat  arch.  In  one  of  the  front 
walls  there  are  three  open  fire^holes  of  which  the  middle  one  is 
40  cm.  square  and  the  two  latter  25  cm.  square.  The  wood  cut 
in  lengths  of  50  cm.,  bums  in  these  fire-holes  without  grates. 
Before  the  fireplaces  there  is  a  combustion  chamber,  50  cm. 
wide,  extending  through  the  whole  kiln,  which  is  formed  by  a 
perforated  fire-wall  built  of  fire-bricks,  reaching  close  to  the  arch 
of  the  kiln.  On  the  opposite  end  is  the  door  and  in  its  arch  the 
opening  to  the  chimney  flue.  The  kiln  has  no  so-called  vault,  but 
the  fire  leaves  through  a  slit,  1 2  cm.  wide,  extending  across  the 
entire  arch  in  the  back  wall  which  gradually  contracts  to  a 
chimney,  about  50  cm.  in  diameter  and  20  meters  high,  serving 
for  two  kilns  lying  side  by  side ;  through  this  chimney  the  heat 
of  the  cooling  kilns  is  conducted  to  the  workshops.  At  a  height 
of  1 2  cm.  above  the  floor  of  the  kiln  a  second  hearth  is  formed 
from  bricks,  placed  on  end,   and  fire-clay  tiles  under  which, 
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throughout  the  whole  length  of  the  kiln  and  corresponding  to 
the  fireplaces,  there  are  three  firing  flues,  12  cm.  wide,  whicb 
may  be  compared  with  the  arches  of  an  up-draft  kiln.  Immedi- 
ately behind  the  fire  wall  there  is  a  tier  of  waste  stove  tile ;  in 
the  remaining  part  of  the  kiln  there  are  stove  tiles,  half  glazed 
and  half  green  for  biscuit  burning  as  well  as  ornaments.  The 
green  ware  is  set  in  courses  with  clay  props  on  fire-clay  tiles, 
without  the  use  of  saggers,  so  that  the  glazed  tiles  are  placed  in 
the  middle  and  the  lower  part  of  the  kiln,  the  unglazed  in  the 
extreme  rear  and  upper  courses.  The  clay  used  for  the  produc- 
tion of  these  tiles  is  that  of  Velten,  near  Berlin,  much  used  for 
this  purpose.  The  glaze  is  an  enamel  fritt  made  from  tin  and 
lead  ash,  sand  and  common  salt,  which  produces  a  pure  ^hite 
opaque  layer  on  the  yellow  burning  clay  containing  about  30 
per  cent  of  calcium  carbonate  and  5  per  cent  of  ferric  oxide.  A 
bum  requires  about  thirty  hours.  In  the  first  hours  a  small  fire 
is  kept  only  in  the  middle  fire^'hole ;  this  is  gradually  increased 
and  after  six  hours  fire  is  placed  into  all  three  fire-holes  which  are 
now  open.  At  the  full  fire  the  holes  are  completely  filled  with 
cord  wood  which  is  allowed  to  remain  until  it  is  burnt  down  to 
coals.  When  the  fire  is  burning  down,  the  upper  part  of  the  fire- 
holes  is  so  covered  up  with  iron  plates  which  rest  on  brick  that 
the  air  can  get  to  the  wood  only  through  an  opening  12  cm. 
wide.  In  proportion  as  the  heat  progresses  along  the  floor  of  the 
kiln  the  stoking  passages  under  the  double  hearth  are  charged 
at  every  fire  with  sticks  of  wood.  At  the  end  of  the  bum  the 
entire  combustion  chamber  is  filled  with  pieces  of  cord  wood 
placed  in  an  almost  upright  position,  split  quite  thin,  and  besides 
the  fire-holes  are  filled  with  wood  in  order  to  cause  as  brisk  and 
intense  a  fire  as  possible. 

The  samples  were  taken  in  two  bums  by  means  of  porce- 
lain tubes  which  were  so  introduced  through  the  door  in  the 
rear  part  of  the  kiln  that  they  extended  i  meter  into  the  kiln 
and  ended  o.  i  meter  under  the  arch  and  o.  i  meter  over  the 
double  hearth  of  the  kiln.  The  corresponding  samples  were,  as 
heretofore,  taken  from  the  kiln  simultaneously. 
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The  composition  of  the  samples  may  be  seen  from  the 
Tables  Villa  and  WIIU. 

We  note  here  the  same  phenomenon  which  was  observed 
in  the  horizontal  kilns  previously  discussed,  namely,  that  under 
the  arch  there  is  nearly  always  a  greater  amount  of  free  oxygen 
or,  as  the  case  may  be,  a  smaller  reducing  effect  than  in  the  lower 
parts  of  the  kiln.  Only  after  the  fire  is  well  burnt  down,  that 
is,  when  the  strong  evolution  of  flame  has  ceased  and  the  char- 
coal formed  is  glowing,  is  there  an  approach  to  uniform  compo- 
sition. Frequently  also  the  case  is  reversed.  The  differences 
in  the  composition  of  the  fire  gases  above  and  below  are  at  first 
scarcely  noted  with  a  small  fire  and  low  kiln  temperature,  but 
become  greater  and  greater  in  proportion  as  the  temperature 
rises,  the  draft  in  the  chimney  increases,  and  the  fuel  supply  is 
increased.  Only  in  the  intense  fire  at  the  end  and  not  always 
even  then  does  the  oxygen  in  the  upper  region  of  the  kiln  vanish 
completely  and  make  place  for  a  reducing  atmosphere ;  at  any 
rate,  the  amount  of  unused  combustible  gases,  even  during  the 
intense  fire,  is  much  larger  in  the  lower  part  of  the  kiln  than 
under  the  arch.  If  from  the  two  tables  showing  the  composi- 
tion of  the  gases  after  an  intense  fire  we  take  the  average  figures, 
we  obtain  for  the  supply  of  air : 

Per  cent.  Per  cent. 

Under  the  arch  -        -        104        Over  the  hearth  -  54 

i.  e.y  under  the  arch  that  point  is  approximately  maintained  at 
which  complete  combustion  takes  place,  while  over  the  hearth 
not  more  than  half  of  the  air  required  for  combustion  is  present 
Like  all  calcareous  clays  the  Velten  clay  frequently  does 
not  develop  the  yellow  color  in  its  purity,  but  the  tiles  or  orna- 
ments made  from  it  are  flashed  red  more  or  less.  According  to 
practical  observations  this  takes  place  with  special  frequency 
in  the  upper  courses.  Since  the  yellow  color  develops  only  un- 
der the  influence  of  alternately  oxidizing  and  reducing  condi- 
tions, this  appearance  of  red  spots  under  the  arch  is  explained 
by  the  fact  that  according  to  the  direction  which  the  gases  must 
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take  through  the  accidental  setting  of  the  ware,  reducing  influ- 
ences can  appear  but  seldom  under  the  arch  and  in  some  places 
not  at  all.  The  color  of  the  glaze  also  seems  to  be  affected  very 
much  by  the  varying  composition  of  the  fire  gases. 

Aside  from  accidental  defects  to  be  looked  for  in  the  clay 
body,  not  all  tiles  covered  with  the  same  enamel  come  from  the 
kiln  with  the  same  color,  and  though,  if  seen  by  themselves 
they  appear  to  have  a  pure  white  color,  notable  differences  ap- 
pear if  we  place  tiles,  from  the  same  bum  but  from  different 
parts  of  the  kiln,  side  by  side.  The  white  color  at  one  time  has 
a  pink  tinge,  sometimes  a  blue,  green,  or  yellow  tinge.  Prom 
every  bum,  therefore,  the  tiles  showing  the  same  shades  must 
be  carefully  selected.  The  more  or  less  yellowish  color  is  e$sen- 
tially  dependent  on  the  greater  or  less  purity  of  the  raw  mate- 
rials used  for  the  production  of  the  glaze  and  the  care  which  is 
used  in  its  preparation.  But  with  the  greatest  care  it  cannot  be 
avoided  that  the  color  of  the  glaze  sometimes  takes  on  a  reddish 
tinge,  and  sometimes  a  green  or  blue.  Judging  from  practical 
experience  the  glaze  in  the  upper  parts  of  the  kiln  seems  to  be 
inclined  to  the  red,  in  the  lower  to  the  green,  and  between  them 
there  is  a  zone  that  furnishes  the  purest  white  perhaps  by  com- 
pensation of  the  almost  complimentary  colors.  Since,  as  a  rule, 
the  same  glaze  is  represented  throughout  the  kiln,  this  differ- 
ence of  colors  or  shades  can  be  ascribed  only  to  the  different  in- 
fluence of  the  fire  gases.  The  influence  of  the  impurities  of  the 
raw  materials  present  in  minimum  amounts,  which  cannot  be  re- 
moved (as  for  example,  a  small  amount  of  copper,  cobalt,  and 
manganese  in  the  lead  and  tin  that  are  used  in  the  production 
of  glazes),  on  the  color,  must  be  left  to  further  investigations. 

It  is  frequently  assumed  that  lead  and  tin  glazes  cannot 
come  in  contact  with  reducing  gases  without  being  decomposed, 
because  these  metals  are  easily  separated  from  them  in  a  pure 
form.  This,  however,  does  not  seem  to  be  the  case  at  all  times, 
for  in  the  above-named  bums,  especially  in  the  finishing  fire,  re- . 
ducing  gases  were  present  in  very  large  amounts,  especially  in  the 
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lower  parts  of  the  kiln,  without  injuring  the  ware ;  on  the  con- 
trary, a  reduction  seems  to  have  a  favorable  effect  on  the  produc- 
tion of  a  pure  white  color  of  the  enameL  It  seems  only  neces- 
sary that  a  return  of  the  regular  metals  to  oxides  be  made  pos- 
sible by  a  sufficient  supply  of  air  after  the  reduction  has  taken 
place ;  and  from  this  it  is  clear  why  the  enamels  of  common 
faience  ware  are  less  exposed  to  damage  in  the  open  fire  if  im- 
purities through  ashes  are  avoided  than  when  burned  in  saggers 
where,  on  account  of  the  more  difficult  circulation  of  the  air,  the 
reoxidation  is  not  so  easy. 

To  be  sure,  circumstances  may  arise  under  which  a  reoxi- 
dation is  prevented  in  the  open  bum  and  in  consequence  the 
glaze  takes  a  gray  to  a  black  color ;  the  ware  is  then  called 
smoked.  Prom  smoke,  that  is  from  soot  or  carbon,  this  black 
color  cannot  come  since  the  latter  can  not  exist  in  the  liquid  lead 
glaze  without  decomposing  the  lead  oxide.  The  black  color  is 
rather  to  be  ascribed  to  finely  divided  particles  of  metallic  lead 
or  tin  separated  out  in  the  glaze,  which  sometimes  contract  to 
larger  drops  and  then  produce  round  or  ring-shaped  spots  in  the 
glaze  when  again  dissolved.  As  experience  shows,  smoked  tiles 
are  found  chiefly  in  the  lowest  course  over  the  hearth,  especially 
when  the  charcoal  had  not  completely  burnt  before  closing 
the  kiln,  or  when  burning  wood  is  still  present.  In  the  bum  in 
question  the  thoroughly  glowing  charcoal  in  the  hearth  was 
almost  completely  burnt,  excepting  a  few  small  fragments,  when 
the  kiln  was  closed. 

The  last  two  analyses  of  Table  VIII4  show  the  composition 
of  the  fire  gas  after  the  complete  closing  of  the  kiln  and  an  hour 
later.  We  observe  that  after  the  kiln  is  closed  there  is  a  consid- 
erable decrease  in  the  amount  of  oxygen  produced  by  the  burn- 
ing of  the  remnants  of  the  coals.  If  the  amount  of  charcoal  is 
considerable  it  is  reasonable  to  suppose  that  the  oxygen  of  the 
stagnant  atmosphere  in  the  kiln  is  not  sufficient  to  bum  the  coal 
to  carbon  dioxide,  but  gives  rise  to  the  formation  of  carbon 
monoxide  which  may  remain  in  the  kiln  until  the  glaze  has 
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cooled  SO  far  as  to  become  solid,  enclosing  the  lead  or  tin  sep- 
arated out  by  the  carbon  monoxide  and  protecting  it  from  a 
reoxidation.  With  a  sufficiently  high  temperature  and  with 
access  of  air,  the  black  color  of  the  glaze  disappears  again,  for  it 
is  a  well-known  fact  that  smoked  tiles  may  become  white  by 
rebuming  them. 

Here,  too,  we  find  the  phenomenon  of  the  disappearance  of 
oxygen  from  the  fire  gases  following  a  strongly  reducing  e£Eect, 
in  Table  Villa,  in  the  samples  taken  below  at  i  o'clock  and 
at  1.45,  which  point  to  an  energetic  activity  of  the  ferric  oxide 
in  the  clay  in  regard  to  combustion. 

C.    Down-Draft  Kilns 

9.  The  Stoneware-Pipe  Kiln  0/ Peter  Simon  Gerz^  in  Hoehr 

The  kiln  has  an  oblong  shape,  is  5  meters  long,  3  meters 
wide,  and  2.75  meters  high.  In  the  enclosing  walls  of  the  two 
long  sides  there  are  four  inclined  grate  furnaces,  0.4  meter  wide 
and  I  meter  high.  The  fire  produced  on  these  rises  behind  two 
fire  bridges  running  along  the  whole  interior  length  of  the  kiln, 
on  both  sides,  and  extending  close  up  to  the  rather  flat  kiln 
arch.  The  exit  of  the  fire  gases  is  in  the  kiln  floor,  which  is 
perforated  and  lies  over  a  system  of  parallel  flues  which  conduct 
the  gases  through  a  collecting  flue  to  a  stack  about  20  meters 
high.  The  inclined  grates  were  fired  with  coal,  and  care  was 
taken  not  to  clean  them  much  during  the  bum  so  that  a  consid- 
erable layer  of  ashes  accumulated  on  them.  The  fireplaces  were 
closed  by  filling  the  space  above  the  upper  step  with  coal.  In 
firing,  which  was  done  every  twenty-five  or  thirty  minutes,  the 
coked  pile  of  coal  closing  the  hole  was  shoved  onto  the  grate 
by  means  of  a  scraper  and  the  opening  covered  with  fresh  coal. 

During  the  salting  the  grates  were  kept  as  full  of  cord  wood 
as  the  kiln  could  take  up  the  flames  arising  from  it,  and  the 
salt  was  thrown  with  a  shovel  into  the  fireplaces,  hence  only 
the  salt  vapors  reached  the  kiln. 

The  samples  were  taken  in  the  closing  wall  of  the  door  in 
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one  of  the  front  walls  of  the  kiln  by  the  insertion  of  clay  tnbes 
0.75  meter  long,  which  extended  0.5  meter  into  the  interior,  a  2 
meter  under  the  arch,  and  0.6  met^r  above  the  floor  of  the  kiln« 
The  material  for  the  production  of  the  pearl-gray  pipes  is  the 
same  as  that  used  in  the  kiln  of  Joseph  Schult  already  discussed. 
The  pressure  conditions  were  such  that  under  the  arch,  smoke 
came  from  the  cracks  in  the  wall,  while  in  the  lower  part  air 
was  drawn  in  from  without ;  after  a  last  strong  wood  fire  dur- 
ing the  salting,  strong  flames  and  smoke  came  from  all  the 
cracks. 

The  samples  taken  at  two  di£Ferent  times  are  shown  together 
in  Table  IX, 

As  we  see,  differences  in  the  composition  of  the  fire  gases 
are  scarcely  noticeable,  be  the  samples  taken  before  or  after  the 
firing,  only  in  the  lower  part  of  the  kiln  the  excess  of  air  always 
appears  somewhat  larger,  which  is  explained  by  the  fact  that  the 
walls  of  the  kiln  were  not  air-tight,  and  therefore  admitted  at- 
mospheric air.  This  uniformity  is  doubtless  due  to  the  circum- 
stance that  no  cold  fuel  was  thrown  upon  the  grates  in  firing, 
but  only  such  that  was  ignited  and  burning  so  that  no  tem- 
porary disturbance  of  the  burning  process  is  caused  by  the  strong 
cooling  of  the  fire-box.  For  this  reason  no  smoke  from  the 
chimney  could  be  observed  on  the  first  day.  Smoke  appeared 
only  in  the  last  period  of  the  bum,  during  the  glazing,  on  account 
of  the  production  of  salt  vapors,  with  a  very  great  evolution  of 
flame.  The  reducing  effect  is  very  intense  since  at  times  only 
half  of  the  amount  of  air  necessary  for  combustion  was  observed. 
Whether  so  great  an  excess  of  unbumed  gases  is  necessary  dur- 
ing the  salting  or  only  gives  an  assurance  of  a  good  bum,  giving 
to  the  ware  the  desired  grayish  white  color,  seems  doubtful  ac- 
cording to  the  observations  which  have  been  made  with  the 
same  raw  material  in  the  stoneware  kilns  mentioned  under  6, 
and  further  investigations  would  seem  very  desirable. 
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lo.     Kiln  for  the  Burning  of  Terra  Cotta  Ware  of  E. 
MarcKs  Sons  in  Charlotienburg 

The  kiln  in  which  the  experiments  were  made  is  a  two- 
story  round  kiln  built  according  to  the  well-known  Bosch  system. 
It  is  about  4.5  meters  in  diameter  and  3  meters  high  in  its  lower 
story.  It  is  supplied  with  six  fireplaces  which  are  distributed 
in  pockets  in  the  outer  circumference.  The  fireplaces  form 
square  shafts  i  meter  deep,  without  grates,  of  which  the  lower 
half  of  one  side  is  a  grating  of  fire  brick  which  allows  the  air  to 
enter  and  at  the  same  time  permits  the  withdrawal  of  the  clink- 
ers without  tearing  out  the  coke.  The  shafts  are  filled  from 
above  and  covered  by  a  fire-clay  tile.  The  outlet  in  the  upper 
part  of  the  fireplaces  conducts  the  fire  into  the  kiln  at  the  floor 
and  allows  it  to  rise  behind  bag  walls  0.6  meter  high  all  around 
the  kiln  wall,  allowing  the  flame  to  escape  through  narrow  slits. 
The  flame  which  rises  to  the  arch  and  then  descends  again,  is 
drawn  oS  by  a  number  of  openings  which  are  distributed  in  the 
floor  of  the  kiln  and  are  connected  with  the  flues  in  the  kiln 
walls  that  lie  between  the  fireplaces,  and  conducted  into  the 
upper  part  of  the  kiln.  The  gratings  of  the  fireplaces  are  put 
in  only  at  the  beginning  of  the  fire,  for  during  the  water-smoking 
the  coal  bums  without  grates  in  the  fireplaces  bounded  by  walls 
on  three  sides  so  that  a  current  of  air  enters  the  kiln  above  the 
coal. 

In  the  first  of  the  bums  observed  yellow  terra  cotta  ware 
was  burnt  in  the  lower  kiln  at  the  beginning  of  white  heat 
from  a  somewhat  refractory  clay  free  from  lime ;  the  ware  was 
placed  in  large,  walled  boxes  of  fire-brick  in  order  to  protect  it 
from  the  direct  contact  with  the  fire-gases.  With  the  escaping 
heat,  red  terra  cotta  was  burnt  in  the  upper  kiln  without  being 
protected.  In  the  second  bum  only  red  terra  cotta  ware  was 
burned  in  the  lower  part,  without  protection,  at  a  bright  red 
heat.  The  samples  were  taken  during  the  first  bum  in  the  lower 
kiln,  0.5  meter  under  the  arch  and  0.5  meter  above  the  kiln 
floor  through  a  porcelain  tube  extending  i  meter  into  the  kiln 
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through  the  wall  of  the  door  and  at  the  same  depth  in  the  upper 
kiln ;  in  the  second  bum,  gas  was  drawn  only  from  the  two  places 
designated  in  the  lower  kiln. 

If  we  take  the  average  figures  from  the  two  adjoining  tables, 
Xa  and  X*,  in  order  to  determine  not  only  the  average  distribu- 
tion of  the  fire  gases,  but  also  the  deviations  in  the  composition 
which  arise  through  the  periodic  supply  of  the  fuel,  we  obtain 
the  following  values  for  the  air  supply  during  the  first  bum : 


Water-smoking        .        .        -        . 
Immediately  after  firing 

Before  firing 

In  the  case  of  the  second  bum,  immedi- 
ately after  firing        -        -        -        - 
Before  firing 


I«owerkllii. 

Upper  kiln. 

Near  the  iloor. 

Under  the  arch. 

Ptr  cent. 

Pet  cent. 

Per  cent. 

414 

416 

437 

117 

102 

118 

213 

245 

214 

133 
212 

223 

As  we  see  from  this  with  all  the  differences  of  conditions, 
which  must  necessarily  arise  through  accidental  circumstances 
in  the  treatment  of  the  fire,  the  average  composition  of  the  fire 
gases  is  nevertheless  a  very  constant  one  as  far  as  the  various 
kiln  heights  are  concerned.  In  the  first  bum  the  aim  was  to 
produce  a  higher  temperature  and  therefore  the  firing  was  more 
intense ;  in  the  second  bum  the  smoking  of  the  chimney  was  to 
be  avoided  as  much  as  possible,  since  experience  has  shown  that 
the  newly  set  red  terra  cotta  ware  easily  loses  its  fresh  color  by 
strong  smoke  and  takes  on  a  brownish  tint 

Even  though  the  smoking  of  the  kiln  was  not  altogether 
prevented  in  the  second  bum,  yet  we  see  that  the  composition  of 
the  fire  gases,  after  the  supply  of  new  fuel,  has  still  not  reached 
the  limit  at  which  the  oxygen  of  the  entering  air  is  consumed 
and  reducing  gases  appear  in  its  place,  in  the  most  cases  on  ac- 
count of  the  smaller  amounts  of  fuel.   Only  in  a  few  cases  was  this 
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limit  exceeded.  In  the  first  stage  of  firing,  the  water-smoking, 
where  a  considerable  excess  of  air  (more  than  four  times  the 
amount  theoretically  necessary)  was  noted,  the  fire  gases  showed 
always  a  small  content  of  carbon  monoxide,  and  at  the  same  time 
almost  constant  moderate  smoking ;  this  is  explained  by  the  fact 

TABLB 

Tbrra  Cotta  KihH  OF  E.  March's  Sons,  Chak- 


1 

I/ywcrkili] 

L. 

Details  and  obtervationa. 

Samples  dnwn 

0.5  m.  onder  the  arch. 

• 

• 

Carbon 
monoxide. 

^1 

II 

i 

• 

• 

• 

1 

• 

1 

Jane 

A.M. 

19 

930 

*-2 

a2 

0 

0 

0 

15. 1 

80.5 

339 

9.55 

5  minutes  after  baiting  the  fire 

f 

3.8 

0.1 

0 

0 

0 

16. 1 

80.0 

410 

P.M. 

12.20 

1 

4.1 

0.2 

0 

0 

0 

16.0 

79-7 

409 

12.30 

10  minutes  after  baiting  the  fire 

1 
a 

3-3 

0.2 

0 

0 

0 

16.4 

80.1 

435 

1-35 

B 

4.3 

ai 

0 

0 

0 

15.2 

80.4 

347 

3.50 

g: 

3-4 

0 

0 

0 

0 

16.8 

79.8 

481 

4.25 

Immediately  before  firing 

20  minutes  after  baiting  the  fire  j 

*•• 

3.3 

o.i 

0 

0 

0 

16.9 

79-7 
80.2 

493 

4.50 

»Q 

3.6 

0.2 

0 

0 

0 

16.0 

401 

20 

9-30 

Fire  well  established 

15.0 

0.2 

0 

0 

0 

3-1 

81.7 

116 

10.05 

5  minutes  after  a  heavy  firing    - 

16. 1 

0.6 

0 

0 

0 

0.9 

83.4 

103 

11.00 

After  the  fire  had  burnt  low 

137 

0 

0 

0 

0 

4.1 

82.2 

"d 

"45 

Immediately  after  firing 

15-0 

2.0 

0.3 

0.5 

0 

0.2 

82.0 

4.35 

Immediately  after  firing 

During  the  burning  down  of  the  fire 

Immediately  before  a  new  firing 

16.2 

0.1 

0 

0 

0 

1.8 

81.9 

109 

4-45 

13.8 

0.2 

0 

0 

0 

3.8 

82.2 

I90 

5.15 

7.9 

0 

0 

0 

0 

12.0 

80.1 

229 

21 

9.00 

During  the  burning  down  of  the  fir^ 

8.6 

0 

0 

0 

0 

11.0 

80.4 

206 

9.40 

10  minutes  after  finng 

16.0 

0 

0 

0 

0 

2X> 

82.0 

1 10 

11.30 

20  minutes  after  firing    - 

8.4 

0 

0 

0 

0 

10.7 

80.9 

199 

3.50 

Before  firing  -           -           - 

7.0 

0 

0 

0 

0 

131 

g:| 

353 

4.05 

Just  after  firing   -           -           - 

II. I 

0 

0 

0 

0 

6.6 

143 

5.10 

During  the  burning  down  of  fire 
Immeaiately  after  firing 

14.2 

0 

0 

0 

0 

3-9 

81.9 

122 

6.00 

A    W 

11.9 

0.3 

0 

0 

0 

5.« 

82.0 

141 

32 

A.JB. 
10.15 

10  minutes  after  the  firing 

14.7 

0 

0 

0 

0 

2.1 

83.2 

135 

10.30 

11  w 

During  the  burning  down  of  fire 

11.9 

0 

0 

0 

0 

7.1 

81.0 

149 

r.9K. 
2.30 

5  minutes  after  firing 
Immediately  before  firing 

16.5 

0.9 

0 

I.I 

0 

0 

81.5 
80.8 

88 

3.20 

10.3 

0 

0 

0 

0 

8.9 

171 

3*45 

After  firing     -           -           - 
Burning  off  of  the  kiln   - 

"st 

0 

0 

0 

0 

6.2 

81.9 

140 

4.30 

0 

0 

0 

0 

10.7 

80.5 

200 
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that  the  temperature  in  the  kiln  was  too  low  to  make  complete 
combustion  possible.  With  the  increase  of  the  heat  the  smo- 
king of  the  chimney  decreased ;  it  appeared  only  immediately 
after  fuel  was  supplied  for  a  short  time  and  in  a  slight  degree. 
In  spite  of  this  the  reducing  gases  in  the  fire  gases  could  fre- 
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Xiowcrkiln. 


Upper  kiln. 


II 


as  m.  above  tlie  floor. 


i 


? 


8 


II 


11 


e^  m.  above  tbc  floor. 


% 


8 


4-2 

3-^ 
4.4 
4-5 
3-5 
3-7 

16.0 

15.9 
15.6 

15.3 

16. 1 

15.3 
9.3 

^2 
15.8 

12. 1 

7.8 

15.9 
14.0 

154 

15-4 
13.6 

16.4 
10.2 

14. 1 
7.0 


0.3 
0.2 

0.2 

0.2 
0.1 

o 

o 
0.1 

0.1 

0.6 
2.0 

o 

O.I 

o 

o 
o 
o 

o 

0.9 

o 

1.9 

0.2 
o 

o 
o 
o 
o 


o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 
o 

o 
o 
o 

o 
o 
o 

o 

0.1 
o 
o 

o 
o 

o 
o 
o 
o 


o 
o 
o 

o 
o 
o 
o 
o 

o 

0.4 

o 

0.21 

o 
o 
o 

o 
o 
o 

o 
o 
o 

I-4I 

o 
o 

o 
o 
o 
o 


o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 
o 

o 
o 
o 

o 
o 
o 

o 
o 
o 
o 

o 
o 

o 
o 
o 
o 


15.6 
16.2 
16.4 

16.2 
15.2 

16.8 

l€.2 
2.1 

0.2 

1.9 

0.6 

1.9 
1.9 

10. 1 
10.9 

2.2 
6.2 

12.4 
0.5 

4.« 

0.3 

1.8 

4.6 

I.O 

8.9 

3.2 

X2.9 


79.S 

79.6 

80.0 
80.3 

79.6 
79.7 

80.0 

81.9 
82.2 
81.9 
81.9 

82.0 
82.7 
80.6 

80.2 

82.0 
81.7 

79.8 
82.6 

81.8 

81.0 

82.6 
81.8 

82.6 

80.9 
82.7 
80.1 


391 

422 
445 

418 

348 

402 

483 

418 
III 

I^ 

96 

109 
109 
191 

205 

III 
140 

240 
99 

124 

83 

108 

127 

105 
171 
117 

253 


3.8 

3-7 

4.0 

3-4 

3.9 

3.5 
2.9 

2.9 

14.0 
13.6 

14.4 

15.6 
14.2 

9.1 

7.8 

4.0 

15.0 
II.5 

8.1 

II.7 

8.7 

15.1 
12.0 

14.7 

15.8 

lO.O 

13.5 

10.4 


0.2 
0.2 
0.2 

O.I 

0.1 

O.I 

0.2 
0.1 

0.2 

X.I 

0.6 

1.4 

0.2 
o 
o 

o 

o, 

o 

o 

o 

o 

0.1 

o 

o 

o 
o 
o 
o 


o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 
o 

o 
o 
o 

o 
o 
o 

o 
o 
o 
o 

o 
o 

o 
o 
o 
o 


o 
o 
o 

o 
o 
o 
o 
o 

o 

0.2 
o 

0.2 

o 
o 
o 

o 

o 
o 

o 
o 
o 
o 

o 

o 

o 
o 
o 
o 


o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 
o 

o 
o 
o 

o 
o 
o 

o 
o 
o 
o 

o 
o 

o 
o 
o 

o 


16.2 
16.2 

16.4 
15.6 

16.4 

17.3 
17. 1 

3.8 

n 

0.4 

3.6 

10.7 
12.0 

14.8 

2.8 

7.5 

II.6 

6.2 

10. 1 

3.0 

6.3 

3.0 

1.8 

9.2 

4*4 

9.0 


80.1 

79.9 
79.6 

80.1 
80.4 
80.0 

79.6 
79.9 

82.0 
82.4 
82.2 
82.4 

82.0 
80.2 
80.2 

80.2 
82.2 
81.0 

80.3 
82.1 
81.2 

81.8 

81.7 
82.3 

82.4 

80.8 

82.1 

80.6 


394 

421 

426 
435 

371 

437 
519 
499 

120 
X08 

"3 
97 

119 
200 
228 

322 

"5 
153 

219 

116 

141 
116 

109 

175 
122 

173 
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quently  not  be  discovered  beside  the  large  amounts  of  the  oxy- 
gen present  so  that  the  appearance  of  light  smoke  cannot  at 
once  be  interpreted  as  coincident  with  a  reducing  atmosphere* 
When  the  fire  had  burnt  down,  the  excess  of  oxygen  in  the  kiln 
had  for  the  most  part  become  so  great  that  from  two  to  two  and 
one-half  times  the  amount  theoretically  necessary  was  present 

According  to  the  first  series  of  experiments  it  seems  as  if 
the  kiln  atmosphere,  on  the  whole,  had  been  somewhat  more  re- 
ducing in  the  lower  parts  of  the  kiln,  while  from  the  average 
figures  of  the  second  bum  a  complete  uniformity  between  the 
upper  and  lower  kiln  regions  is  noted. 

//.  Porcelain  Kiln  of  the  Berlin  Porcelain  Co.y  formerly 

A.  Schumann^  in  Moabii 

In  its  dimensions  and  general  construction  the  kiln  is  simi- 
lar to  the  previous  one,  but  differs  in  the  arrangement  of  its  fire- 
places. It  possesses  ten  fireplaces  distributed  in  pits  around  the 
kiln ;  in  firing,  these  pits  are  partially  covered  with  iron  plates 
so  as  not  to  obstruct  the  passage  around  the  kiln  and  the 
supply  of  fuel.  The  fireplaces  are  formed  by  flat  grates  about 
0.5  meter  wide  and  0.75  meter  long  with  deep  ash  pits ;  the 
openings  for  supplying  the  fuel,  on  a  level  with  the  ground, 
are  covered  with  fire  clay  tiles.  In  the  kiln  there  is  in  front  of  the 
fire  openings,  a  low  ring-shaped  bench  of  fire-brick  which  spredds 
the  flame  and  allows  it  to  rise  about  30  cm.  above  the  kiln 
floor  along  the  kiln  wall  from  a  ring-shaped  slit.  The  flame 
rises  to  the  arch,  then  descends  and  is  drawn  off  in  the  bottom  of 
the  kiln,  by  a  central  flue  and  five  radial  flues  arranged  in  a  circle 
around  it  The  flame  rises  again  in  five  flues,  located  in  the  kiln 
wall  between  the  fireplaces,  and  enters  the  second  story  of  the 
kiln  which  is  used  for  the  biscuit-burning  of  porcelain  or  for  the 
burning  of  fire-brick  and  saggers.  The  total  height  of  the  kiln 
and  chimney  is  about  1 5  meters;  the  time  of  the  bum  was  about 
thirty-six  hours. 

The  kiln  was  fired  with  a  mixture  composed  of  equal  parts 
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of  Bohemian  lignite  and  lump  coal,  at  intervals  of  about  twenty 
minutes,  with  a  vigorous  draft  The  samples  were  taken  by 
means  of  porcelain  tubes  at  three  places,  through  one  of  the 
peep-holes  immediately  under  the  skew-back  of  the  arch,  in  the 
door,  at  the  middle  between  two  fireplaces  just  within  the  flames 
coming  from  the  furnaces  on  the  way  into  the  kiln  and  in  one  of 
the  flues  which  conduct  the  flames  of  the  lower  kiln  into  the 
upper  part  likewise  through  one  of  the  peep-holes. 
Table  XI  contains  the  results  obtained. 


TABLB 

Porcelain  Kiln  op  the  Berlin  Porcelain  Works,  Formbrly 


1 

Details  and  obMrvations. 

Samples  drawn  in  the  fire  port. 

J 

Carbon 
dioxide. 

Carbon 
monoxide. 

• 

II 

% 

5 

I 

• 

13 
p 

0 

■ 

Per  cent  of 
air. 

The  bum  b^an  at  6  in  the  evening 

1 

of  July  9th 

1 

July 

A.lf. 

lO 

lO.OC 

Immediately  after  firing 

14.0 

5.99-7 
13.6)0.9 

0.9 

0 

0 

78.5 

75 

lO.IO 

Immediately  after  firing 

8.0 

S.2 

0 

0 

693 

41 

10.30 

Immediately  after  firing 

14.2 

5-7 

— 

4 



P.M. 
1. 10 

Fire  burnt  down  low,  just  before 

1 

a  new  baiting 

14.0 

5.9 

0 

1.5 

0 

0 

78.6 

75 

2.00 

Fires  burnt  down  low,  while  clean- 

ing grates  of  one  of  the  fireplaces 

14.8 

3.6 

0 

I.O 

0 

0.4 

80.2 

84 

2.30 

Immediately  after  firing 

10.3 

10. 1 

0 

4.3 

3.9 

1.0 

70.4 

56 

3.50 

Fires  burnt  down  low,  while  clean- 
ing the  grates  at  a  place  beside 

where  the  sample  was  being  taken 

150 

0 

0 

0 

0 

4.2 

80.8 

123 

4.20 

Immediately  alter  firing 

10.8 

10.6 

0 

2.8 

0.2 

0.2 

75.4 

64 

4.45 

immediately  after  firing 

10.9 

10.3 

0 

2.8 

O.I 

O.I 

75.8 

65 

5- 20 

5  minutes  after  firing 

8.3 

13.3 

0 

6.5 

2.1 

0.2 

69.6 

48 

5.55 

Just  after  firing  - 

10.5 

10.3 

0 

4.9 

3.9 

0.6 

69.8 

52 

July 

A.lf. 

II 

11.00 

15  minutes  after  the  last  fire 

15.5 

0.1 

0 

0 

0 

2.3 

82.1 

III 

11.30 

'^ 

5.8 

0.1 

0 

0 

0 

I4.S 

79.6 

296 

P.M. 
12.00 

After  the  conclusion  of  the  bum 

4.7 

0.1 

0 

0 

0 

iS'6 

79.6 

374 

12.30 

<                            ^ 

2.6 

0 

0 

0 

0 

17.6 

79.8 

579 
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The  results  of  the  analyses  of  the  second  bum  are  not  given 
here,  because  it  was  found  that  a  part  of  the  samples  taken 
had  not  been  enclosed  perfectly  air-tight  by  the  loss  of  elas- 
ticity in  a  new  kind  of  rubber  tube  used  for  closing  the  sample 
bottles. 

We  see  also  that  the  composition  of  the  fire  gases  in  the 
various  parts  of  the  kiln  does  not  vary  very  much  unless  special 
circumstances  which  appear  only  from  time  to  time  during  the 
bum,  like  the  cleaning  of  the  grates,  explain  the  deviations. 


ZI 


A.  SCHXTMANN,  MOABIT. 

Burn  of  the  9TH  to  i  ith  of  July 

Under  the  arches. 

In  the  ouUeta. 

Carbon 
dioxide. 

Carbon 
monoxide. 

II 

i 

• 

a 

( 

m 

a 
• 

1 

• 

1 

Per  cent  of 
air. 

Carbon 
dioxide. 

Carbon 
monoxide. 

^1 

II 

i 
Si 

■ 

• 

a 
1 

• 

1 

Per  cent  of 
air. 

17.7 

O.I 

0 

0 

0 

0.9 

81.3 

104 

16.9 

2.0 

0.2 

0.2 

0 

0 

80.7 

91 

12.8 

7.0 

0.3 

2.9 

0 

0 

77.0 

66 

13.5 

6.3 

0.7 

2.1 

0 

0 

77.4 

68 

14.7 

2.4 

1.8 

*""■ 

^"■"^ 

II. I 

7.0 

0.9 

2.0 

0 

0 

79.0 

67 

16.0 

0.4 

0 

0 

0 

1.9 

81.7 

109 

16.4 

0.4 

0 

0 

0 

1-3 

81.9 

105 

II. 2 

0 

0 

0 

0 

8.5 

80.3 

166 

13.5 

O.I 

0 

0 

0 

51 

81.3 

131 

II. 2 

6.8 

0 

2.6 

2.2 

0.4 

76.8 

68 

II. 2 

10.6 

0 

4.1 

3.6 

0.5 

70.0 

54 

lO.O 

II. 2 

0 

3.2 

1.4 

0.2 

74.0 

61 

II.O 

91 

0 

2.0 

0 

0.9 

77.0 

72 

I3.I 

3.3 

0 

1.6 

0.1 

3.1 

78.8 

91 

14.3 

4.8 

0 

^.4 

0.5 

I.O 

77.0 

75 

15.0 

4.0 

0 

i.i 

0 

0.3 

80.6 

84 

14.2 

5.8 

0.4 

1.4 

0 

O.I 

78.1 

75 

ID.  I 

lO.O 

0 

3.8 

1.5 

0 

74.6 

59 

10.3 

10.9 

0 

3.1 

3.5 

O.I 

72.1 

58 

12.0 

7.1 

0 

2.7 

31 

1.3 

73.8 

67 

14.5 

4.6 

O.I 

2.4 

0 

1.5 

76.9 

77 

12.8 

6.9 

0 

0.6 

0 

0.5 

79.2 

83 

14.0 

5.0 

0.2 

0.8 

0 

0.3 

79.7 

82 

7.2 

0.1 

0 

0 

0 

130 

79.7 

259 

7-3 

O.I 

0 

0 

0 

12.7 

79.9 

248 

4.2 

0 

0 

0 

0 

15.9 

79.7 

401 

4.5 

0 

0 

0 

0 

16.0 

79.5 

412 

3.5 

0 

0 

0 

0 

16.8 

79.7 

483 

2.8 

0 

0 

Q 

0 

16.7 

79.5 

476 
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The  average  values  for  the  quantity  of  air  supplied  are  : 


• 

Attiie 

furnace  month. 

Per  cent. 

Under  Uic  arch. 
Per  cent. 

At  the  exit. 
Per  cent. 

Immediately  after  firing     - 
Before  supplying  fresh  fuel    - 

57 
98 

63 
105 

71 
98 

Immediately  after  firing,  the  condition  for  economical  com- 
bustion is  very  unfavorable,  since  generally  about  a  third,  in  a 
few  cases  even  half,  of  the  combustible  gases  remain  unused, 
and  even  when  the  fire  is  completely  burned  down,  before  the 
charging  of  a  new  supply  of  fuel,  there  is  present  in  most 
cases  a  considerable  excess  of  combustible  gases.  We  can,  there- 
fore, easily  see  that  in  some  parts  of  the  kiln  no  excess  of 
oxygen  could  appear  during  the  whole  period  of  burning  to 
consume  the  carbonaceous  substances  which  are  deposited  espe- 
cially at  a  low  temperature,  and  this  was  evident  from  the  charac- 
ter of  the  porcelain  obtained.  In  many  places  of  the  kiln,  and 
especially  in  thicker  pieces,  it  had  not  become  quite  clear  but 
was  gray  and  opaque,  a  color  effect  which  may  well  be  referred 
to  the  influence  of  the  fire  gases  before  the  fusing  of  the  glaze, 
although  when  seen  in  incident  light  the  porcelain  appeared  per- 
fectly white  and  the  glaze  was  free  from  defects. 

A  deposition  of  carbon  in  the  pores  of  the  porcelain  mass, 
and  perhaps  also  a  reduction  of  metallic  iron  or  carbide  of  iron 
at  the  high  temperature  of  the  porcelain  fire,  is  not  impossible, 
and  may  possibly  be  the  cause  of  the  gray  color  and  the  opacity 
of  the  porcelain.  Direct  experiments  must  give  more  definite 
information  on  this  matter.  That  a  reduction  of  the  iron  of  the 
clay,  with  clays  high  in  iron  but  at  relatively  low  temperatures, 
can  take  place  and  become  the  cause  of  dark  shades,  has  already 
been  proved  experimentally,'  and  would  explain  many  phe- 
nomena in  connection  with  porcelain  and  appearing  in  burning 
if  it  could  be  proved  for  the  higher  temperatures  and  under  the 

>  Thon-Indtistrie  Zeitnng  1877,  p.  8. 
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conditions  existing  in  the  kiln.  Such  a  reaction,  however,  could 
only  be  expected  under  the  supposition  of  an  excess  of  reducing 
gases  beyond  a  certain  point,  and  this  agrees  with  the  phenome- 
non that  a  gray  or  brown  coloring  of  the  porcelain—of  the  body 
or  the  glaze— does  not  invariably  develop  in  a  reducing  and  sooty 
kiln  atmosphere  which  is  nearly  always  present  in  a  porcelain 
kiln,  as  we  see  from  the  analyses.  We  might  think  of  the  reac- 
tion of  iron  and  its  oxides,  which  must  be  considered  for  the  ex- 
planation not  only  of  the  present,  but  also  of  other  phenomena. 
In  a  current  of  hydrogen  (also  hydrocarbons),  the  oxides  of  iron 
are  changed  into  metallic,  spongy  iron  when  brought  to  a  red 
heat,  while  at  the  same  time  water  vapor  is  formed.  On  the 
other  hand  metallic  iron  in  a  current  of  water  vapor  changes  to  the 
ferroso-ferric  oxide,  at  the  same  time  evolving  hydrogen.  With 
the  same  agents  we  have  here,  therefore,  opposite  reactions,  the 
only  difference  being  that  at  one  time  the  iron  or  its  oxygen  com- 
pound is  in  an  atmosphere  in  which  the  hydrogen  is  in  excess 
and  at  another  time  the  water  vapor  is  in  excess.  Chemis- 
try knows  many  examples  of  such  phenomena  in  which  the 
active  agent  and  the  product  can  bring  about  opposite  reac- 
tions, according  as  one  or  the  other  is  quantitatively  in  excess. 
The  substances  here  in  question  are  always  present  in  the  opera- 
tions in  the  kilns  of  the  ceramic  industry,  iron  in  the  clay,  hydro- 
gen (or  hydrocarbon)  and  water  vapor  in  the  fire  gases.  It  will, 
therefore,  always  depend  on  the  mutual  relation  of  the  latter, 
which  of  the  opposite  reactions  can  take  place  by  the  excess  of 
one  or  the  other.  It  follows  from  this  that  the  action  or  influ- 
ence of  the  agents  of  the  fire  gases  on  the  iron  compounds  and 
the  phenomena  connected  with  them,  can  take  place  all  the  more 
easily,  that  is,  with  a  smaller  amount  of  fire  gas  the  poorer  it  is 
in  water  vapor  and  vice  versa.  A  large  amount  of  water  vapor 
in  the  fire  gas  will  be  able  to  prevent  a  reduction  of  iron  com- 
pounds to  the  black  coloring,  opaque  metallic  iron  and  permit 
only  compounds  corresponding  to  the  lower  stages  of  oxidation, 
which  are  soluble  in  melting  silicates  and  form  transparent  masses. 
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This  is,  perhaps,  one  of  the  explanations  for  the  phenomenon 
affirmed  by  practice  in  all  branches  of  the  clay  indnstries,  that 
with  the  use  of  fuels  high  in  hydrogen  (therefore  forming  much 
water  vapor  on  burning),  such  as  wood,  peat,  lignite,  the  phe* 
nomena  referred  to  '' smoking ''  appear  less  frequently  than  when 
coal  less  rich  in  hydrogen  is  used  in  burning. 

12.     Gas  Kiln  of  the  Royal  Porcelain  Factory 

The  kiln'  is  a  continuous  one  which  consists  of  22  cham- 
bers, 2.75  m.  long,  245  m.  wide,  and  2.20  m.  high,  arranged  in 
two  rows  of  eleven  each.  Each  of  these  chambers  communi- 
cates with  a  common  smoke  flue  lying  parallel  between  the  two 
lines  of  chambers,  and  through  it  with  a  high  chimney  by  means 
of  a  flue  that  can  be  closed  by  an  iron  valve.  Each  of  the  cham- 
bers possesses,  on  one  of  its  long  sides,  a  fire  bridge,  1.20  m.  high 
with  a  space  of  0.12  m.  between  it  and  the  kiln  wall  which  is 
braced  at  its  middle  against  the  latter.  On  the  opposite  kiln 
wall  there  are  distributed  at  the  level  of  the  kiln  floor  eight 
vents  for  the  escape  of  the  flames,  which  open  into  a  cross  flue 
under  the  floor.  Prom  this  transverse  flue  the  flames  can 
pass  through  two  short  wide  flues,  arranged  in  the  axis  of  the 
kiln  beneath  the  partition  wall  of  the  chambers  to  the  next 
chamber,  and  enter  behind  its  fire  bridge.  In  the  same  way  as 
the  chambers  of  a  row,  the  end  chambers  of  the  two  rows  are 
connected  by  means  of  flues  so  that  the  flame  passing  from  one 
chamber  series  can  be  led  into  the  other.  In  this  manner  com- 
munication is  established  for  the  movement  of  the  air  supporting 
the  combustion  and  for  the  flames  passing  away  from  chamber 
to  chamber,  which,  however,  can  be  cut  off  behind  each  cham. 
ber  by  the  insertion  of  a  fire-clay  tile. 

The  gas  used  for  combustion  is  produced  in  two  shaft  gen- 
erators, passes  from  these  into  a  common  flue  which  splits  into 
two  branches  that  pass  along  each  series  of  chambers ;  from  these 

'  For  a  description  and  drawing  see  G.  Moeller,  **The  New  Plant  of  the  Roya^ 
Porcelain  Factory,"  187a,  Berlin,  published  by  Bmst  and  Kom. 
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a  branch,  which  may  be  closed  by  means  of  an  iron  valve,  passes 
nnder  the  kiln  floor  of  every  chamber.  The  gas  passes  from 
two  openings  of  the  gas  main  into  the  air  flues  connecting  the 
chambers,  mixes  with  air  behind  the  fire  bridge,  and  enters  the 
kiln  ignited  behind  the  bridge,  spreading  out  fan-like  close  to 
the  arch  of  the  kiln.  The  air  serving  to  feed  the  fire  enters 
through  one  of  the  open  doors  of  the  kiln  and  first  passes  through 
three  or  four  chambers  that  are  cooling,  always  passing  up  and 
down  over  the  fire  bridges  until  it  gets  to  the  one  which  is  at 
full  fire.  In  this  manner  the  air  is  highly  preheated.  The  heat 
passing  ofiE  likewise  passes  through  three  or  four  of  the  next 
chambers  which  are  thus  heated,  and  then  through  the  smoke 
flue,  open  in  the  last  one,  into  the  chimney.  When  the  ware  in  one 
chamber  is  burned,  which  requires  a  period  of  firing  of  from  ten 
to  fifteen  hours,  the  corresponding  gas  flue,  leading  to  it,  is  cut 
ofiF  and  the  gas  allowed  to  pass  into  the  next  chamber  which  has 
already  been  heated  to  beginning  white  heat,  so  that  the  gas  ignites 
at  once.  At  the  same  time  the  outlet  vent  is  opened  one  chamber 
ahead  and  the  one  last  used  is  closed.  In  this  cycle,  which  the 
fire  thus  describes,  the  ware  is  burned  to  the  glost  heat  in  the 
one  row  and  to  the  biscuit  heat  in  the  other.  The  last  cham- 
ber is  filled  with  fire-bricks  or  saggers  in  order  to  lessen  the 
abrupt  change  in  temperature. 

To  obtain  the  samples  of  fire  gases  porcelain  tubes  were  in- 
troduced into  the  kiln  in  the  door,  under  the  door  arch  which 
is  1.60  meters  high,  and  0.2  meter  above  the  kiln  floor  to  the 
length  of  I  meter ;  the  tubes  were  protected  against  bending  by 
being  supported  by  saggers  cut  to  fit  the  tubes.  In  part  the  gas 
was  taken  by  means  of  a  fire-clay  tube  bent  at  right  angles  im- 
mediately at  the  kiln  arch. 

The  samples  were  taken  from  one  biscuit  burn,  two  glost 
bums  for  white,  and  three  glost  bums  for  porcelain  decorated  in 
blue.     The  tables  XII^  to/* contain  the  results  obtained. 
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In  the  biscuit  bum  examined,  there  was  always  a  consider- 
able excess  of  air  which,  in  the  most  cases,  is  somewhat  larger 
at  the  floor  of  the  kiln  than  under  the  arch  and  the  middle,  ex- 
ceeding the  theoretically  necessary  amount  in  the  lower  part  by 
74  per  cent,  and  by  46  per  cent  in  the  upper  part  The  same 
phenomenon  of  excess  of  atmospheric  air  in  the  lower  parts  of 
the  kiln  is  also  found  in  most  cases  in  the  glost-bum.  Table 
XII^  gives  a  complete  representation  of  the  course  of  the  glost 
bum  from  a  just  visible  red  heat  to  the  highest  temperature. 
There  appears  in  the  first  stages  of  the  bum  a  great  uniformity 
in  the  composition  of  the  fire  gases ;  at  any  rate  the  deviations 
are  much  smaller  than  with  all  the  kilns  which  are  fired  directly* 
with  the  single  exception  of  the  one  fired  with  wood  as  fuel  and 
using  an  inclined  grate. 

The  average  figures  for  the  percentage  of  air  used  in  the 
bums  for  white  porcelain  show : 


Under  the  arch. 
Per  cent. 

ikt  the  kiln  floor. 
Per  cent. 

Prom  Table  Xllb  in  the  glost  burn : 

a.  Two  chambers  before  the  fire 

102 

120 

b.  One  chamber  before  the  fire 

88 

91 

c.  In  the  full  fire  - 

123 

86 

Prom  Table  XIIc  in  the  full  fire 

85 

104 

The  excess  of  air  in  the  lower  parts  of  the  kiln  during  the 
low  heat  may  perhaps  be  explained  by  the  fact  that  the  kiln 
walls  allow  air  from  the  outside  to  pass  through,  which  can  never 
be  avoided,  on  account  of  the  lower  pressure  which  the  fire  gases 
possess  as  compared  with  the  external  atmosphere,  and  that  this 
air  from  without,  on  account  of  its  lower  temperature,  chiefly  is 
found  in  the  lower  part  of  the  kiln.  It  may  well  be  assumed 
that  eyen  if  the  fire  gases  in  the  division  which  is  in  full  fire  do 
not  show  an  altogether  homogeneous  composition  at  the  various 
heights,  still  the  difiEerences  must  vanish  by  the  double  passage 
through  the  narrow  connecting  flues  between  the  kiln  chambers. 
That  a  further  mixture  takes  place  is  clear  when  we  compare 
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the  figures  which  were  obtained  in  the  case  of  the  low  fire  and 
the  full  fire.  While  the  latter,  especially  in  the  upper  parts  of 
the  kiln,  show  considerable  amounts  of  oxygen  beside  combus- 
tible gases,  the  oxygen  disappears  more  and  more  in  the  cham- 
bers at  a  low  heat. 

In  the  full  fire  there  is  an  excess  of  combustible  gases,  or 
as  the  case  may  be,  a  smaller  amount  of  oxygen,  at  times  in  the 
upper  parts  of  the  kiln  and  sometimes  in  the  lower.  In  the 
majority  of  instances  the  former  is  the  case,  but  also  in  the  same 
series  of  experiments  a  change-  is  observed.  It  is  seen  from  this 
that  during  a  longer  time  of  burning  an  excess  of  air  may  con- 
stantly be  present  in  a  certain  part  of  the  kiln  without  produ- 
cing any  noteworthy  injurious  effect 

As  was  the  case  with  the  vertical  porcelain  kiln  discussed 
before,  there  appears  also  here  the  phenomenon  that  the  under- 
glaze  decorations  of  cobalt  oxide  come  out  of  the  bum  the 
more  perfect  the  less  reducing  was  the  kiln  atmosphere,  at  least 
in  the  last  stages  of  the  bum. 


The  conclusions  which  may  be  drawn  from  the  preceding 
analyses  of  the  fire  gases  are,  in  short,  as  follows : 

1.  If  reducing  gases  appear  in  the  fire  gases,  be  it  through 
a  deficient  supply  of  air,  or  on  account  of  an  insufficient  mixing 
of  the  air  with  the  distillation  products  of  the  fuel,  they  are,  as 
a  rule,  the  richer  in  hydrogen  the  greater  their  amount,  and 
become  the  richer  in  carbon  the  smaller  their  quantity.  The 
hydrocarbons  may  therefore  be  looked  upon,  in  the  first  case,  as 
being  chiefly  a  mixture  of  marsh  gas  and  hydrogen,  in  the  latter 
as  ethylene  and  marsh  gas. 

2.  With  a  decrease  of  the  reducing  constituents  in  the  fire 
gases,  hydrogen  and  the  hydrocarbons  vanish  first,  while  carbon 
monoxide  is,  as  a  rule,  still  present  in  considerable  amounts  when 
the  former  can  no  longer  be  found.  In  many  cases  carbon 
monoxide  is  found  even  when  oxygen  is  already  present  in 
excess,  especially  when  the  temperature  of  the  kiln  is  low. 
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3.  The  appearance  of  smoke  or  soot  is  a  probable,  but  just 
as  little  an  absolutely  certain,  indication  of  an  excess  of  reducing 
gases  in  the  fire  gases  as  its  absence  indicates  an  excess  of  oxy- 
gen. In  spite  of  a  decidedly  oxidizing  character  of  the  fire  gases, 
smoke  appears  all  the  more  easily  and  persistently  the  lower  the 
temperature  of  the  kiln;  frequently,  however,  especially  at 
high  temperatures,  the  smoke  has  disappeared  while  the  fire 
gases  still  contain  considerable  amounts  of  combustible  gases. 

4.  The  order  in  which  the  volatile  combustible  compounds 
bum  on  their  way  through  the  kiln,  seems  to  be  the  following : 
Hydrogen,  marsh  gas,  ethylene,  carbon  monoxide,  soot.  In 
many  cases,  especially  when  the  temperature  was  low,  the  si- 
multaneous presence  of  oxygen  and  combustible  gases  in  the  fire 
gases  could  be  observed. 

5.  The  difEerences  appearing  in  the  composition  of  the  fire 
gases  depend  not  only  on  the  construction  of  the  fireplaces,  the 
amount  and  kind  of  fuel,  and  the  intervals  in  which  it  is  sup- 
plied, but  also  on  the  direction  of  the  fire  gases  in  the  kiln. 

6.  With  a  uniform  supply  of  fuel  (inclined  grate  firing)  or 
with  a  periodic  supply  of  preheated  or  ignited  fuel  (step  grate), 
no  considerable  deviations  in  the  composition  of  the  fire  gases 
appear  in  successive  intervals  unless  the  conditions  of  the  com- 
bustion are  changed.  With  the  periodic  supply,  on  the  other 
hand,  of  cold  fuel,  considerable  di£Ferences  appear  which  at  one 
time  bring  about  a  great  excess  of  reducing  gases,  and  again  an 
excess  of  atmospheric  air  even  to  ten  times  the  amount  theoreti- 
cally necessary. 

7.  In  kilns  in  which  the  flames  pass  up  vertically,  or  up 
and  down,  for  the  most  part  no  great  differences  in  the  com- 
position of  the  fire  gases  appear  at  various  heights;  if  any 
such  differences  appear  in  kilns  in  which  the  flames  rise  per- 
pendicularly the  lower  parts  are  higher  in  reducing  gases  or, 
as  the  case  may  be,  poorer  in  free  oxygen.  With  down-draft 
kilns  the  gases  are  sometimes  more  reducing  in  the  lower,  some- 
times in  the  upper,  parts.     In  kilns  where  the  flame  has  a  hori- 
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zontal  direction  there  is  constantly  a  great  excess  of  atmospheric 
air  in  the  upper  or,  as  the  case  may  be,  the  front  parts  of  the  kiln,  in 
such  a  way  that  in  the  upper  parts  an  oxidizing  atmosphere  pre- 
vails, and  at  the  same  time  a  reducing  condition  in  the  lower 
parts.  An  equalization  takes  place  only  when  the  fire  is  burnt 
down  very  low ;  very  strong  firing  causes  reducing  gases  in  the 
upper  parts  of  the  kiln,  but  only  in  small  amounts  and  for  a 
short  time. 

8.  At  the  conclusion  of  the  bum  a  vigorous  oxidizing  effect 
of  the  kiln  atmosphere  appears  at  all  times.  When  the  fire- 
places are  closed  air-tight  at  the  close  of  the  bum,  the  amount 
of  oxygen  decreases  in  a  noticeable  manner  when  there  are  still 
some  coals  left,  so  that  under  these  circumstances  a  tempo- 
rary or  local  appearance  of  carbon  monoxide  may  be  expected 
during  the  period  of  cooling. 

9.  In  those  branches  of  industry  which  use  relatively  low 
temperatures  up  to  beginning  white  heat  (brick,  terra  cotta, 
ordinary  faience  ware),  the  character  of  the  kiln  gases  is  mostly 
strongly  oxidizing.  The  fluctuations,  when  the  carbon  com- 
pounds are  on  the  increase,  for  the  most  part,  go  only  to  the  limit 
of  the  neutral  condition,  or  cause  a  temporary  weak  reduction. 
Only  with  the  kilns  that  have  a  horizontal  direction  of  draft  is 
the  reducing  effect  very  vigorous,  but  usually  only  in  the  lower 
parts. 

10.  In  those  branches  of  the  industry  that  use  higher  tem- 
peratures the  character  of  the  flame  is  strongly  reducing,  partly 
during  the  entire  bum,  partly  only  during  a  period  of  the  same. 
In  general  the  fluctuations  vary  from  a  point  at  which  only  one- 
half  or  two-thirds  of  the  combustible  gases  can  be  consumed  up 
to  a  neutral  condition  of  the  flame  or  to  a  weakly  oxidizing 
effect  Frequently  also  the  reducing  effect  predominates  during 
long  periods. 

11.  To  the  content  of  ferric  oxide  in  the  impure  and  porous 
clays,  a  noteworthy  cooperation  must  be  ascribed  in  the  combus- 
tion, as  an  aid  to  the  atmospheric  oxygen,  in  such  away  that  it 
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gives  oS  a  part  of  its  oxygen  in  a  reducing  atmosphere  only  to 
take  it  up  again  during  a  subsequent  oxidizing  period. 

12.  In  clays  containing  lime  a  volatilization  of  sulphur 
compounds  coming  from  the  clay  or  the  fuel  takes  place  only 
in  a  reducing,  but  not  in  an  oxidizing,  atmosphere ;  when  the 
reducing  gases  are  slightly  in  excess  the  sulphur  appears  in  the 
form  of  sulphurous  acid,  with  a  great  excess  in  the  form  of 
hydrogen  sulphide. 

13.  On  the  white  enamel  glazes,  containing  tin  and  lead,  a 
reducing  atmosphere  exerts  no  harmful  influence  if  the  reducing 
atmosphere  is  followed  by  a  sufficiently  vigorous  oxidizing  con- 
dition continuing  for  some  time ;  it  even  seems  as  though  an 
alternately  reducing  but  finally  oxidizing  eilect  has  a  favorable 
influence  in  regard  to  a  pure  white  color  and  prevents  the  ap- 
pearance of  reddish  shades. 

14.  In  the  burning  of  porcelain  the  kiln  atmosphere,  as  a 
rule,  exerts  a  reducing  effect  on  the  body ;  a  temporary  moder- 
ate excess  of  reducing  gases  seems  to  be  favorable  to  the  pro- 
duction of  a  white  or  bluish  color ;  but  an  excess  of  air,  even 
continued  for  long  periods,  seems  to  produce  no  injury. 

15.  In  the  case  of  porcelain  with  blue  underglaze  colors, 
the  bubbling  appears  the  stronger  and  the  blue  color  the  less 
bright,  the  more  reducing  the  kiln  atmosphere,  especially  dur- 
ing the  last  stages  of  the  bum. 


The  Temperature  and  Composition  of  Fire  Gases  in  Some 

Continuous  Kilns 


PROPB8SOR  CBiui.  W.  Mbsloh,  Translator 

Mr.  Ferd.  Fischer,'  in  Hannover,  has  recently  published  an 
essay  in  Dingler^s  PotytecAniscAes  Journal^  concerning  the  burn- 
ing of  bricks  in  continuous  kilns,  in  which  he  gives  the  meas- 

'  Dr.  P.  Fischer,  '*  Concerning  the  Baming  of  Bricks  in  Continuous  Kilns." 
Dingler's  poly.  J.,  aa8. 43^  (1878). 
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uretnent  of  temperatures  and  analyses  of  fire  gases  that  were  made 
in  two  continuous  kilns  containing  fourteen  chambers  each  in 
the  vicinity  of  Hannover,  at  Stocken  and  at  Linden  Berg.  The 
measurements  of  temperature  which  extended  to  all  parts  of  the 
kiln,  were  measured  for  the  lower  temperatures  up  to  300°  C, 
by  means  of  suitably  constructed  mercury  thermometers,  and 
the  higher  temperatures  by  means  of  an  electrical  pyrometer 
made  by  the  Siemens  Brothers,  in  London,  which  has  been  re* 
peatedly  described  in  the  ceramic  periodicals.  According  to  the 
observations  made,  the  highest  temperature  observed  in  the  kiln 
near  Stocken  Vas  1057®  C,  while  the  gases  in  the  chimney 
escaped  at  108°  to  172^  C.  In  the  kiln  at  Linden  the  highest 
temperature  was  almost  100°  lower,  namely,  968°  C,  while  the 
temperature  of  the  escaping  kiln  gases  went  down  to  80^  C. 
The  results  of  the  measurements  which  the  author  represents 
graphically  in  two  diagrams  are  given  in  the  following  table  in 
which  the  figures  in  the  vertical  columns  indicate  the  tempera- 
tures at  the  front  and  at  the  end  of  the  separate  kiln  chambers : 


ContinoouB  kiln  at  Stocken. 

Continnoos  kiln  at  I«inden  Berg. 

No.  of  chamber. 

Temperature. 

No.  of  chamber. 

Temperature. 

1 

8 

7 
6 

5 

80-130®  C. 
130-219®  ** 
210-400®  ** 
400-700®  ** 

Cooling.               Being  fired.       Water  smoking. 

10 

9 

8 

}i7 

60-  80®  C. 

80-200®  ** 
200-440®  *' 
440-660®  *' 

• 

S 

4 
3 

700-880®  ** 
880-1057  ** 

}i7 
6 

5 
>i4 

660-800®  ** 
800-960®  *' 

960® 
960-800®  ** 

• 

•jjj 

a 

2 

I 

14 
13 

1000-600®  ** 
600-360®  ** 
360-160®  ** 
160-  80®  ** 

}i  4 

3 

2 

I 
14 

800-660®  '* 
660-490®  *' 
490-300®  ** 
300-120®  ** 
120-  40®  ** 

Being  emptied  and 
•et :  13,  II,  10,  9. 

Being  emptied  and 
Btt:  13,  12,  II. 

2o8 
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Especially  interesting  in  these  observations  is  the  circum- 
stance that  in  the  kiln  in  Stocken,  finishing  a  cycle  bum  in 
seven  to  eight  days,  the  temperature  rises  steadily  up  to  its 
greatest  heat,  and  from  this  point  on  falls  just  as  constantly, 
while  with  the  slower  kiln  at  Linden,  which  completes  a  bum 
in  fourteen  days,  with  a  more  gradual  increase  and  decrease,  the 

I.    Continuous  Kiln  at  Stockbn,  24TH  July,  1877 


5| 


9-45 
10.10 

11.05 

II. 18 

"37 

P.M. 

12.00 

1.50 
2.15 
2.36 
2.48 

3.17 
3.28 

3.39 
3.50 
4.03 

4.17 
4.28 

4.37 
4.52 

5-24 


Under  the  arch. 


1^ 


4.1 

4.4 

5.1 
6.0 

5.2 

5.8 
I.I 

3.0 

3.4 

3.4 

3.0 

3.2 
3.8 
4.8 

5.4 
5.8 
6.2 
3.2 
6.0 
4.8 
5.0 


if 
I 


0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


6.6 
6.4 

5.6 
4.6 

5.6 

4.8 

9.9 

7.9 
7.6 

7-3 

7.9 
7.6 

7.0 

5.9 
5.2 

4.9 

4.5 

7-7 
4.8 

6.1 
5.8 


At  the  kiln  floor. 


79.3 
79.2 

79.3 
79-4 
79.2 

79.4 
79.0 
79.1 
79.0 

79-3 

79.1 
79.2 
79.2 

79.3 

79.4 

79.3 

79.3 

79.1 
79.2 

79.1 
79.2 


o 


10.00 
11.00 
II. 10 
11.28 

11.45 
P.M. 

1.59 
2.30 

2.45 
3.03 
3.12 
3.22 

3.33 

3.57 
4.12 

4.23 

4.45 
4.50 
5.15 
5.31 
5.40 


it 


7.5 
9.1 

II. 7» 

II. I* 

9.6 


Is 


0.0 
0.0 
0.0 
0.0 
0.0 


1.3 
7.8 

7.7 
7.5 
8.3 
7.8 
1 0.0* 

11.8 
11.8 
II. 2 

12.2 
9.8 
14.2* 
10.2 
II. 2 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 


I 


12.9 
II. 4 

8.7 

9.3 
10.9 

19.6 
12.9 
12.6 
13.0 

12.3 
12.8 

10.2 

8.4 
8.2 
9.2 


0.0 

8.0 

0.0 

10.6 

0.5 

5.8 

0.0 

10. 1 

0.0 

91 

79.6 

79.5 
79.6 

79.6 
79.5 


1 79.1 

I79.3 
I  79.7 
79-5 
79.4 
79.4 
79.8 

79.8 

80.00 

79.6 

79.8 
79.6 

79.5 
79.7 
79.7 
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highest  temperature  is  maintained  uniformly  in  a  larger  part  of 
the  kiln,  and  therefore  insures  a  greater  uniformity  in  the  bum. 
According  to  the  measurements  obtained,  the  clays  burned 
in  the  kilns  in  question  must  be  classified  with  the  easily  fusi- 
ble ones.  Peclet's  statement  that  the  temperature  of  brick  kilns 
is  to  be  taken  at  from  600^  to  700^  C,  is  hence  taken  too  low  ; 
it  seems  to  be  nearer  the  melting-point  of  silver,  960^  C 
II.    Continuous  Kiln  at  Lindsn,  24TH  Sbptembsr,  1877 


Under  the  arch. 

On  the  kiln  floor. 

•si 

Po 

• 

^1 

• 

II 

• 

1 

• 

K  of  the 
rvation. 

Carbon 
dioxide. 

11 

i 

• 

al 

31 

1 

II 

ai 

0 

§ 

A-M. 

A.1C. 

10.02 

2.3 

0.0 

18.7 

79.0 

10.10 

7.3 

0.0 

13.8 

78.9 

10.20 

2.1 

0.0 

18.9 

79.0 

10.25 

4.8 

0.0 

16. 1 

79.1 

10.35 

5.4 

0.0 

15.4 

79.2 

10.44 

2.4 

0.0 

18.6 

79.0 

10.55 

2.6 

0.0 

18.3 

79.1 

II.OI 

7.0* 

0.0 

13.8 

79.2 

11.35 

10.7 

0.0 

lO.O 

79.3 

11.42 

5.6 

0.0 

15.3 

79.1 

11.48 

7.6 

0.0 

13.5 

78.9 

11.54 

4.5 

0.0 

16.4 

79-1 

12.00 

7.6 

0.0 

13.2 

79.2 

P.M. 

P.lf. 

12.06 

5.5 

0.0 

15.5 

79.0 

12.12 

7.0 

0.0 

13.9 

79.1 

12.17 

7.9* 

0.0 

13.2 

78.9 

12.24 

8.2 

0.0 

12.7 

79.1 

12.30 

4.7 

0.0 

16.2 

79.1 

12.39 

4.3 

0.0 

16.7 

79.0 

12.45 

18.4* 

0.0 

2.2 

79.4 

12.51 

50 

0.0 

16.0 

79.0 

12.59 

6.2 

0.0 

14.6 

79.2 

1.05 

9.4* 

0.0 

II.5 

79.1 

I. 13 

4.2 

0.0 

16.9 

78.9 

1. 19 

6.8 

0.0 

14.4 

78.8 

1.26 

8.5 

0.0 

12.4 

79.1 

1.32 

4.8 

0.0 

16.3 

78.9 

1.40 

6.7 

0.0 

14.3 

79.0 

1.46 

6.2» 

0.0 

14.7 

79.1 

1.52 

10.6 

0.0 

10.2 

79.2 

2.00 

8.4 

0.0 

12.5 

79.1 

2.14 

7.7 

0.0 

13.3 

79.0 

2.20 

10.  I* 

3.8 

8.1 

78.0 

2.46 

3-2 

0.0 

17.8 

79.0 

2.56 

3.1 

0.0 

17.7 

79.0 

14 
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In  connection  with  the  determination  of  temperature  in  the 
kilns  named  there  were  taken  analyses  of  the  fire  gases ;  these 
gases  were  drawn  from  the  kilns  0.30  meter  below  the  crown  of  the 
arch  and  at  the^floor  of  the  kiln.  In  general  the  samples  were 
taken  alternately  above  and  below,  those  immediately  following 
being  placed  side  by  side  in  the  table ;  those  designated  with  an 
asterisk  were  taken  immediately  after  coal  had  been  supplied. 

In  considering  Tables  I  and  II  we  first  notice  that  the 
amount  of  unused  air  passing  through  the  continuous  kiln  is  far 
greater  in  the  upper  part  than  at  the  floor,  and  therefore  the 
generation  of  heat  must  be  greater  near  the  kiln  floor.  If 
we  take  the  average  figures  from  these  tables  they  are  found  to 
indicate  that  in  the  upper  part  of  the  twenty-one  parts  by  vol- 
ume of  oxygen  which  enter  the  kiln  with  100  parts  of  fresh  at- 
mospheric air,  only  4.3  parts  (in  both  kilns)  are  used  for  the  com- 
bustion of  coal  to  carbon  dioxide  below  the  crown,  and  8.4 
(Stocken)  and  8.2  (Linden)  at  the  floor  of  the  kiln ;  that  is,  ap- 
proximately only  one-fifth  of  the  oxygen  was  used  under  the 
crown,  and  two-fifths  near  the  floor.  Such  a  combustion  would 
be  called  very  uneconomical  in  a  kiln  that  is  not  continuous, 
still  such  conditions  are  found  probably  in  hundreds  of  continu- 
ous kilns,  and  may  be  considered  the  rule.  Nevertheless,  if  the 
continuous  kilns  do  far  exceed  most  other  kilns  in  fuel  economy 
it  is  because  the  heat  once  generated  is  used  again  and  again  for 
new  work,  the  heat  of  the  discharged  gases  is  used  for  water- 
smoking,  and  that  of  the  cooling  bricks  for  preheating  the  fire  gases 
up  to  almost  the  maximum  temperature ;  thus,  the  losses  caused 
by  the  great  excess  of  air  are  more  than  compensated  for.  The 
tables  also  show  that,  as  a  rule,  we  cannot  assume  the  evolution 
of  combustible  gases,  because  of  insufficient  oxygen  in  the 
presence  of  so  great  an  excess  of  air,  and  in  fact  carbon  mon- 
oxide appeared,  only  in  a  few  cases,  in  small  amounts,  immedi- 
ately after  firing,  and  always  in  the  presence  of  an  amount  of 
oxygen  more  than  sufficient  for  its  combustion,  so  that  its  pres- 
ence must  be  ascribed  to  incomplete  combustion.     That,  how- 
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ever,  a  temporary  appearance  of  unbumt  gases,  with  the  simul- 
taneous absence  of  oxygen,  is  absolutely  necessary  for  the  de- 
velopment of  many,  especially  light,  colors  has  been  repeatedly 
stated ;  on  the  other  hand  the  relatively  rare  appearance  of  re- 
ducing gases,  that  is,  unconsumed  decomposition  products  of 
coal,  explains  also  the  difficulties  which  have  been  met  in  the 
production  of  pure  colored  face  brick  in  the  continuous  kiln 
with  its  relatively  large  excess  of  air.  Knowing  the  causes 
which  are  the  basis  of  this  poor  success  of  the  continuous  kiln 
as  compared  with  the  old,  wasteful  kilns,  the  fault  is  easily 
remedied. 


Composition  and  Speclflc  Gravity  of  Generator  Gas 


Prof.  Chas.  W.  Mbsloh,  Translator 

Technologists  are  at  present  striving  to  extend  the  use  of 
gas  firing,  and  in  spite  of  many  failures  its  great  importance  for 
the  future  cannot  be  denied.  In  view  of  the  great  literary  ac- 
tivity in  this  field,  it  seems  strange  that  so  very  little  positive 
material  has  been  published  concerning  the  composition  of  gen- 
erator gases ;  even  in  the  latest  works  the  calculations  made  on 
the  efficiency  of  gas  firing  rest  almost  exclusively  on  the  hypo- 
thetical composition  of  generator  gases  according  to  the  composi- 
tion of  the  coal  and  not  on  that  which  actually  results  in  prac- 
tice and  which  must  vary  considerably  according  to  the  more  or 
less  perfect  construction  of  the  generators.  Still  it  seems  of 
great  practical  importance  to  know  the  composition  of  the  gase- 
ous fuels  derived  from  the  solid  fuels,  especially  when  compar- 
ing the  value  of  difiFerent  generating  systems  and  determining 
their  efficiency  in  the  use  of  different  fuels.  The  following 
analyses  may  therefore  serve  as  a  contribution  to  a  better  under- 
standing on  this  point. 

The  generator  gases  investigated  were  taken  from  the  gas- 
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pipe  connecting  the  generatois  and  the  gas  kiln  of  the  Royal 
Porcelain  Factory  in  Berlin. 

The  samples  were  taken  on  the  29th  of  May,  at  intervals  of 
one  hour ;  fifteen  minutes  were  consumed  in  the  operation  so 
that  the  gas  represents  the  average  of  one-fourth  of  the  time. 
Two  generators  were  in  operation,  charged  alternately  in  inter- 
vals of  one  hour ;  the  time  of  charging  falls  about  in  the  middle 
between  that  of  the  separate  observations.  The  generators  are 
rectangular  shaft  generators'  with  plain  bar  grates  and  were  fed 
with  coal,  half  English  and  half  Upper  Silesian. 

The  analyses  gave  the  following  results  in  percentages  by 
volume : 
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0.9421 

The  specific  gravity  of  the  gas  has  been  calculated  from  the 
preceding  analyses ;  it  must,  however,  be  noted  that  no  attention 
was  paid  to  the  amount  of  tar  and  water  in  the  gas.     The  refer- 

'  Conceminff  the  details  of  the  construction  and  the  meaanrements  see  G. 
Moeller,  "The  New  Plant  of  the  Royal  Porcelain  Factory,  1873,"  published  by 
Bmat  &  Kom  in  Berlin. 

>  The  hydrocarbons  contained  in  the  gas  are  calcolated  as  marsh  gas,  because 
the  product  of  dry  distillation  is  chiefly  marsh  gas. 

3  The  sample  was  taken  while  one  of  the  generators  was  being  cleaned. 


ACTION  OF  "water"  IN  THE  BURNING  OF  CLAY  WARE      213 

ence  to  the  specific  gravity  was  only  to  call  attention  to  a  point 
heretofore  not  sufficiently  noted,  namely,  that  the  specific  grav- 
ity of  gas,  when  as  in  this  case  fuel  low  in  water  content  is  used, 
does  not  vary  very  much  from  that  of  atmospheric  air  at  the 
same  temperature,  and  that  the  temperature  at  which  air  and 
gas  enter  the  kiln  will  essentially  determine  how  these  will  move 
through  it  in  separate  currents.  According  to  the  calculation 
taken  as  a  basis,  the  slight  temperature  difference  of  16°  C. 
would  suffice  to  equalize  the  difference  of  the  specific  gravities  of 
air  and  gas.  The  resistance  to  the  intimate  mixture  of  gas  and 
air  in  the  kiln  due  to  the  difference  in  specific  gravity  will  be 
the  less  the  smaller  the  difference  of  temperature  is  between  the 
gas  and  air  and  the  tendency  to  form  zones  of  different  compo- 
sition will  be  the  greater  the  greater  this  difference  is.  If  we 
assume  that  generator  gases  enter  the  kiln  at  200^  C,  if  the  gas 
main  is  not  too  long,  then  in  such  kilns  in  which  the  gas  is 
burnt  with  cold  air,  the  gas  will  be  the  lighter  constituent  and 
tend  to  take  the  upper  parts  of  the  kiln ;  in  the  case  of  continu- 
ous kilns,  on  the  other  hand,  in  which  the  air  for  combustion 
has  usually  a  very  high  temperature,  up  to  1000®  C,  the  reverse 
must  take  place,  and  the  gas  will  then  tend  to  occupy  the  lower 
parts  of  the  kiln. 


An  Explanation  of  the  Action  of  *^  Water  "  in  the  Bumins 

of  Clay  Ware 


Prof.  Cbas.  W.  Mbsloh,  Translator 

A  long  series  of  phenomena  which  appear  in  the  burning 
of  clay  ware  and  may  cause  serious  losses,  are  ascribed  by  prac- 
tical men  to  the  influence  of  water  vapor ;  but  in  most  cases  it 
has  not  been  possible  to  explain  how  the  phenomena  occur. 
Troubles  such  as  cracks,  discolored,  scaly  or  mealy  coatings  and 
motley  colors  on  the  body,  scaling  and  dimming  of  the  glaze, 
vanishing  of  individual  colors,  etc.,  undoubtedly  are  in  some 
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way  influenced  by  water  vapors  that  pass  through  the  kiln,  as 
practical  observations  have  shown,  since  they  become  much  more 
pronounced  when  an  increased  formation  of  vapor  takes  place, 
due  to  the  setting  of  wet  ware,  kiln  repairs,  damp  fuel,  etc 
Although  this  connection  is  undoubted,  it  seems  inexplicable  in 
what  way  the  phenomena  mentioned  are  brought  about,  on  ac- 
count of  the  stability  of  water  vapor  and  its  indifference  to  sili- 
cates ;  the  following  investigation  will  throw  light  upon  at  least 
a  few  points. 

Clay,  or  the  body  prepared  from  it,  is  a  very  hygroscopic 
substance,  which  when  completely  dried  will  draw  moisture  from 
the  atmospheric  air  with  great  avidity  and  retain  it  in  its  pores. 
If  we  place  clay,  perfectly  dried  at  a  higher  temperature,  under  a 
glass  bell,  together  with  a  vessel  filled  with  water,  it  will  feel 
clammy  after  a  few  days,  and  if  we  determine  its  weight  as  well 
as  that  of  the  water  with  an  accurate  balance  we  will  find  that 
the  former  has  increased  considerably  in  weight  and  the  latter 
has  diminished  just  as  much.  These  hygroscopic  qualities  of 
clay  in  general  appear  all  the  more  pronounced  the  more  unctu- 
ous it  is,  and  the  amount  of  water  taken  up  in  a  few  days  at 
ordinary  temperature  is  frequently  over  lo  per  cent  of  the  weight 
of  the  clay.  Water  is  taken  up  all  the  more  rapidly  and  ener- 
getically, the  richer  the  air  in  contact  with  the  clay  is  in  water 
vapor.  At  a  higher  temperature,  where  the  capacity  of  the 
air  of  absorbing  water  vapor  increases  very  rapidly,  the  absorp- 
tion of  water  by  the  clay  will  also  be  more  rapid  than  at  ordi- 
nary temperatures.  From  this  it  becomes  clear  that  newly  set 
clay  wares  must  nearly  always  take  considerable  amounts  of 
water  from  the  fire  gases  during  the  first  stages  of  the  burning, 
and  it  is  well  known  that  this  absorption  of  water  sometimes  leads 
to  a  softening, — ^to  a  greater  or  less  change  in  shape.  The  amount 
of  moisture  in  the  air  surrounding  the  clay  wares  in  the  kiln, 
depends  on  circumstances  which  are  chiefly  of  accidental  nature, 
the  condition  of  the  ware  as  regards  dryness,  the  intensity  of  the 
draft,  the  more  or  less  dry  condition  of  the  kiln,  the  character 


ACTION  OF  "water"  IN  THE  BURNING  OF  CI.AY  WARE       215 

of  the  fuel,  etc.  In  most  cases,  however,  it  is  very  considerable 
so  that  even  at  rather  high  temperatures  injurious  effects  may  be 
attributed  to  condensation  on  a  large  scale.  A  few  determina- 
tions which  were  made  under  very  favorable  conditions  (inas- 
much as  only  the  water  of  the  fuel  could  be  looked  upon  as  the 
cause  of  the  vapor  formation),  will  make  this  clear.  They  refer 
to  the  determination  of  the  aqueous  vapor  present  during  the 
glost-bum  in  the  porcelain  kilns  of  the  Royal  Porcelain  Factory, 
which  showed  17.88  and  15.37  per  cent  by  volume  of  water 
vapor  in  two  determinations,  during  the  glost-bum  in  a  small, 
round,  two-story  test  kiln  for  porcelain,  1.60  meters  wide  and 
1.75  meters  high,  using  dry  wood  as  a  fuel  and  firing  on  in- 
clined grate  furnaces,  and  9.72  and  7.75  per  cent  by  volume  in 
the  glost-bum  of  the  gas  kiln  at  the  porcelain  factory.* 

According  to  this  the  dew  point  of  the  fire  gases  would  be 
calculated  in  the  first  case  to  be  58.5°  and  55.5°  C,  respectively, 
and  in  the  latter  case  46.5°  and  42.0°  C,  respectively,  thatis,  the 
fire  gases  are  so  charged  with  water  vapor  that  when  they  are 
cooled  below  the  temperatures  given,  even  without  considering 
the  water-absorbing  property  of  clay  with  which  they  might 
come  in  contact,  water  would  be  deposited  on  the  surface  of  the 
ware  in  globules. 

If  we  assume  this  condensed  liquid  in  the  pores  and  on  the 
surface  of  clay  wares  to  be  chemically  pure  water  which  would 
have  to  be  evaporated  again  at  a  higher  temperature,  and  would 
not  leave  any  residue,  we  could  not  explain  through  it  other 
phenomena  excepting  those  which  are  connected  with  the  soft- 
ening of  the  clay.  These  condensations,  however,  by  no  means 
consist  of  pure  water  and  the  phenomena  ascribed  to  the  water 
are  not  to  be  charged  to  it,  but  to  the  substances  accompanying 
it  By  entering  the  pores  or  by  condensation  on  the  surface, 
water  brings  about  the  absorption  of  the  injurious  substances 

'  Illuttrated  and  described  by  G.  Moeller :  *'  The  New  Plant  of  the  Royal  Por- 
celain Factory  at  Berlin,  Berlin,  1873,''  published  by  ^nst  and  Kom. 
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and  is,  therefore,  only  indirectly  the  cause  of  the  phenomena 
generally  ascribed  to  it 

In  order  to  know  the  nature  of  the  substances  accompanjring 
the  water  vapor,  the  source  of  which  we  assume  to  be  partly  the 
body  of  the  clay  ware  itself,  and  partly  the  fuel  or  its  ashes,  the 
attempt  was  made  to  condense  considerable  amounts  of  mois- 
ture from  the  fire  gases  in  the  kilns  above  mentioned.  The  ex- 
amination of  these  precipitates  is  interesting  in  so  far  as  they  rep- 
resent in  a  measure  the  lower  limit  of  possible  impurities,  since 
the  relatively  purest  fuels  were  used,  such  as  wood  and  genera- 
tor  gas  made  from  pure  coal ;  with  more  impure  fuels  the  amounts 
of  impurities  would  probably  have  been  considerably  higher, 
which  coincides  with  practical  experience. 

The  condensable  constituents  of  the  fire  gases  were  obtained 
in  the  following  manner :  A  long  glazed  porcelain  tube  was  so 
walled  into  the  kiln  door  that  it  extended  about  0.5  m.  into  the 
kiln  space.  It  was  attached  to  a  Liebig  condenser,  which  was 
provided  with  a  U-shaped  vessel  connected  at  the  curvature  with 
a  collecting  flask  by  means  of  a  tube.  The  condenser  and  re- 
ceiver were  kept  cool  by  water  at  from  15®  to  20®  C,  and  a  cur- 
rent of  fire  gases  was  drawn  through  the  whole  apparatus  during 
the  entire  period  of  a  bum  by  means  of  a  rubber  bag  provided 
with  valves.  In  the  cooling  tube  and  the  receiver  a  liquid  was 
separated  out,  colored  black  by  flakes  of  soot ;  about  200  grams 
were  obtained  from  one  bum  so  that  there  was  sufficient  mate- 
rial for  a  chemical  determination. 

After  filtering  out  the  soot,  the  liquid  was  colorless  and 
odorless,  and  of  a  distinctly  acid  reaction ;  the  escaping  non-con- 
densing gases  were  odorless  when  wood  was  used  as  a  fuel,  but 
with  gas  firing  they  had  the  odor,  at  times,  of  sulphurous  add, 
at  times  of  hydrogen  sulphide,  according  as  the  bum  was  an 
oxidizing  or  reducing  one. 
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The  analyses  gave  the  following  results : 
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The  precipitated  liquid,  therefore,  contains  a  number  of 
substances  which  are  able,  even  if  present  in  small  amounts,  of 
exerting  a  vigorous  chemical  action  on  the  clay  into  whose 
pores  they  have  been  absorbed  with  the  help  of  water.  They 
are  either  not  volatilized  by  themselves,  hence  must  have  gotten 
into  the  kiln  in  the  form  of  dust,  or  they  have  a  much  higher 
temperature  of  vaporization,  and  are  concentrated  with  a  rise  in 
temperature,  their  e£Fect  being  thus  increased,  and  since  the 
evaporation  of  water  takes  place  mainly  on  the  surface  their 
activity  is  chiefly  extended  to  the  latter.  If  we  disr^^ard  those 
substances  which  have  probably  gotten  into  the  fire  gases  only 
in  the  form  of  dust,  the  substances  whose  action  is  to  be  consid- 
ered chiefly  in  this  connection  are  the  alkaline  sulphates,  free 
sulphuric  acid,  free  hydrochloric  add  and  ammonium  chloride. 
The  first  three  contribute  an  absolute  increase  in  the  amount  of 
salt  in  the  body,  since  they  remain  in  it  or  unite  with  the  basic 
substances  of  the  body  as  the  alkalies,  lime,  magnesia,  ferric 
oxide,  and  alumina,  and  bring  them  to  the  surface  as  salty  in- 
crustations which  later  on  at  a  higher  temperature  are  decom- 
posed again  more  or  less,  and  give  rise  either  to  disfiguring 
efflorescences  or  a  thin  glaze.    The  alkaline  sulphates  which  we 
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must  imagine  as  acid  salts  in  the  presence  of  free  acid,  are  known 
as  very  active  agents  for  breaking  up  alumina  and  iron  oxide 
compounds,  and  can  even  decompose  a  large  number  of  com- 
pounds that  are  not  attacked  by  hot  concentrated  sulphuric  acid ; 
these,  too,  will  be  able  to  bring  about  decomposition  to  a  con- 
siderable depth  at  such  places  where  they  may  have  been  de- 
posited. In  a  similar  manner  the  ammonium  chloride  which 
volatilizes  again  at  400^  C.  has  a  decomposing  effect  on  the 
silicates  of  the  clay  and  can  cause  the  formation  of  volatile  chlo- 
rides of  calcium,  magnesium,  aluminum,  and  iron,  which,  de. 
composed  again,  on  uniting  with  water,  may  deposit  at  other 
places.  The  presence  of  lime  and  magnesia,  alumina  and  ferric 
oxide,  as  well  as  of  hydrochloric  acid,  is  perhaps  wholly  or  partly 
to  be  referred  to  the  simultaneous  presence  of  ammonium  chlo- 
ride in  small  amounts  in  the  products  of  combustion.  At  any 
rate,  a  large  number  of  coloring  and  discoloring  phenomena  find 
a  natural  explanation  by  the  proof  of  the  presence  of  the  above- 
named  substances  in  the  condensed  constituents  of  the  fire  gases. 


A  Draft  and  Pressure  Gauge  for  Furnaces,  and  Gas 

and  Air  Flues 


P&OF.  Chas.  W.  Mbsloh,  Translator 

Concerning  the  importance  of  the  r^^lation  of  draft  in 
kilns,  a  report  has  been  made  elsewhere.' 

Since  the  fluctuations  in  the  atmospheric  pressure  and  in 
the  temperature,  in  the  direction  and  intensity  of  the  air  cur- 
rents of  the  atmosphere,  at  times  retard  and  again  accelerate  the 
progress  of  the  fire  in  the  kilns,  it  was  found  that  the  use  of  a 
draft  meter  enables  the  burner  to  regulate  the  draft  by  raising 
or  lowering,  by  opening  or  closing  the  damper,  and  to  keep  the  fire 

'  Dr.  Jul.  Arcm,  "A  Draft  Meter,"  Notisblatt,  xSjs  p.  191. 
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as  neaily  normal  as  possible  on  the  basis  of  a  proper  gas  analysis, 
and  tbe  lack  or  excess  of  air  supply — identical  with  waste  of 
fuel — is  kept  within  proper  limits. 

For  the  measurement  of  differences  in  air  pressure  we  use 
communicating  tubes,  filled  with  liquids,  whose  one  leg  is  con- 
nected by  means  of  tubes  with  the  air  chamber  in  which  the 
pressure  is  to  be  measured.     The  difference  of  level  in  the  two 
legs  of  the  communicating  tubes  gives  the  amount  of  pressure 
above  or  below  that  of  the  pressure  of  the 
atmosphere.     If  the  differences  in  pres- 
sure are  very  small,  as  in  smoke,  gas,  and 
air  flues,  then  the  difference  in    level 
would  also  be  small  and  very  hard  to 
measnre,  especially  for  untrained  obser- 
vers.    In  order  to  measure  slight  differ- 
ences of  level  iu  the  communicating  tubes 
on  an  enlarged  scale,  we  make  use  of  the 
apparatus  described  below  and  illustrated 
by  the  drawing. 

A  communicating  tube  A,  made  out 
of  a  calibrated  glass  tube,  widens  at  its 
upper  ends  into  two  larger  glass  tubes,  B 
and  C,  of  equal  size.     The  communica- 
ting tube  A  B  C  is  fastened  to  a  board 
which  also  carries  a  scale  D  running  par- 
allel to  the  one  leg,  and  which  can  be  moved  up  or  down  by 
means  of  the  slits  aa  and  set  screws  66.    The  communicating 
tube  is  filled  with  liquids,  which  do  not  mix,  of  about  the  same 
specific  gravity,  so  that  their  point  of  contact,  x,  lies  in  the  neigh- 
borhood of  the  zero-point  of  the  scale. 

As  liquids  for  filling  we  may  use,  for  example,  water  and 
aniline  oil,  or  petroleum  and  dilute  alcohol,  carbolic  acid  and  a 
water  solution  of  carbolic  acid,  of  which  the  one  liquid  is  best 
colored.  The  apparattis  is  hung  on  the  wall  near  the  place  of 
observation,  and  in  measuring  a  pressure  higher  than  that  of  the 
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atmosphere  the  leg  B^  provided  with  a  stopper  and  glass  tube,  is 
brought  in  connection  with  the  chamber  in  which  the  difference 
of  pressure  is  to  be  noted  by  means  of  rubber,  metal,  or  glass 
tubes ;  when  a  lower  pressure  is  measured  the  1^  C  is  thus  con- 
nected.   The  other  leg  communicates  with  the  atmosphere. 

When  the  apparatus  is  hung  perpendicularly  and  the  scale 
so  set  by  sliding  it  in  its  slits,  that  its  zero-point  coincides  with 
the  point  of  contact  of  the  two  liquids,  and  the  one  1^  is  con- 
nected with  a  smoke,  gas,  or  air  flue,  etc.,  a  slight  difference  will 
be  produced  in  the  level  of  the  liquids  in  the  larger  vessels  B 
and  C.  The  change  in  level  is  marked  on  a  laiger  scale  by  a 
change  of  place  of  the  point  of  contact  of  the  two  non-mixing 
liquids  in  the  narrow  tube  A^  the  ratio  being  the  same  as  the 
cross^section  of  the  wider  vessel  to  that  of  the  narrow  tube. 

For  example,  let  the  ratio  of  the  cross-sections  of  the  tube 
A  and  the  vessels  B  and  C  be  as  i  :  20,  then  a  lowering  of  the 
level  in  ^  by  I  mm.  will  cause  a  change  of  20  mm.  in  the  point 
;r,  so  that  very  small  differences  of  level  are  made  very  clearly 
visible. 

The  division  of  the  scale  attached  to  the  apparatus  is  either 
an  empiric  one  for  relative  comparisons,  or  for  more  accurate 
measurements  it  is  based  on  the  pressure  of  water  in  millimeters. 
In  the  latter  case  the  divisions  are  calculated  from  the  ratio  of 
the  cross-sections  of  the  tube  A  and  the  vessels  B  and  C,  and  the 
specific  gravities  of  the  liquids  used  for  filling. 

The  apparatus  is  all  the  more  sensitive  and  accurate  the 
greater  the  ratio  of  the  cross-section  of  the  upper  vessels  is  to 
that  of  the  narrow  communicating  tube  and  the  less  the  liquids 
used  for  filling  vary  in  specific  gravity. 

Concerning  the  use  of  the  apparatus  the  following  is  to  be 
noted :' 

After  the  stoppers  have  been  taken  from  the  apparatus,  the 
communicating  tube  is  filled  to  the  zero  point  of  the  scale  with 

'  The  apparatus  can  be  obtained  from  the  chemical  laboratory  for  the  day 
industries,  Berlin  N.  W.,  Kmppstr.  6. 
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the  heavier  liquid|  and  then  so  much  of  the  lighter  liquid  is 
added  on  both  sides  that  the  enlarged  vessels  B  and  C  are  half 
filled.  By  the  careful  addition  of  drops  of  the  liquid  on  the  one 
side  or  the  other,  there  is  no  trouble  in  making  the  point  of  con- 
tact of  both  liquids  coincide  with  the  zero  point  of  the  scale. 

If  in  doing  this  a  drop  of  the  upper  layer  has  by  chance 
become  separated  or  tnce  versa  of  the  under  layer,  it  is  easy  to 
unite  the  separated  drop  with  the  main  body  of  the  liquid  by 
careful  sucking  or  blowing  by  means  of  a  tube.  In  replacing 
the  stoppers  the  glass  tube  should  be  held  firmly  in  order  that  it 
may  not  turn  since  otherwise  it  will  be  easily  broken.  Before 
using  the  apparatus  it  should  be  set  to  the  zero  point  by  moving 
the  scale ;  it  is  also  well  to  test  it  now  and  then  as  to  whether 
the  zero  point  has  been  changed  by  evaporation  of  the  liquids. 
For  this  purpose  the  tube  is  cut  ofiE  from  its  connection  with 
the  kiln  so  that  both  sides  of  the  communicating  tube  are  con- 
nected with  the  atmospheric  air.  If  then  the  point  of  contact 
of  the  liquids  no  longer  coincides  with  the  zero-point,  the  scale 
is  either  moved  in  the  slits  or  when  this  is  no  longer  possible  a 
few  drops  of  the  liquid  are  added  on  the  left  side  according  to 
need. 

It  is  to  be  noted  that  at  least  so  much  liquid  must  be  pres- 
ent on  the  left  side  of  the  apparatus,  that  even  when  the  point  of 
contact  of  the  liquids  has  been  drawn  down  to  the  lowest  posi- 
tion, there  is  still  some  of  it  left  in  the  cylindrical  part  of  the 
widened  tube  on  the  left  side.  This  follows  as  a  matter  of 
course  from  the  principle  of  the  apparatus  since,  when  the 
widened  tube  is  completely  emptied,  there  would  be  left  only  a 
simple  communicating  tube  and  a  magnified  depression  could 
not  be  obtained. 

The  scale  is  so  calibrated  that  in  filling  the  apparatus  with 
the  liquids  mentioned  the  divisions  give  directly  the  water  pres- 
sure in  millimeters. 


A  Trial  Kiln  for  Ceramic  Purposes 


PKOF.  CBAS.  W.  MBSLOB,  T&AXrSZJkTOR 

The  results  obtained  in  the  chemical  investigation  of  clays 
raw  materials,  glaze  bodies,  etc.,  find  a  useful,  practical  conclu. 
sion  only  by  test  bums.  These  tests  supplementary  to  the  ana- 
lytical result,  or  for  independent  experimental  purposes,  must 
be  as  near  as  possible  like  the  burning  on  a  large  scale  and  it  is 
clear  that  we  will  be  able  to  form  a  better  judgment  concerning 
the  value  of  clay  bodies,  colors,  glazes,  etc,  for  practical  pur- 
poses if  these  practical  experiments,  executed  on  a  small  scale, 
agree  in  their  whole  course  with  the  process  on  a  large  scale. 
The  duration  of  the  bum  and  the  condition  of  the  flame  are, 
therefore,  decisive  factors  for  the  success  of  these  experiments, 
and  it  is  especially  necessary  to  be  able  to  adapt  them  completely 
to  corresponding  phenomena  on  a  large  scale.  A  trial  kiln  use- 
ful for  ceramic  experiments  must,  therefore,  permit  us  to  increase 
the  heat  slowly  or  rapidly  at  will  and  to  give  to  the  flame  an 
oxidizing  or  reducing  character  according  to  need.  At  the  same 
time  the  kiln  space  proper  must  have  a  uniform  temperature 
throughout  and  to  afford  the  possibility  of  observing  the  ware 
and  the  pyroscopes  set  with  it  without  difliculty  from  the  out- 
side. 

The  kiln  illustrated  in  the  accompanjring  cut  originated  in 
the  chemical  laboratory  of  the  Thonindustrte-Zeiiung^  it  answers 
all  the  demands  made  above,  and  is  at  all  times  ready  for  use 
and  easily  managed.  It  is  fired  with  gas  and  the  greatest  part 
of  the  air  used  for  combustion  is  heated  by  the  escaping  gases 
of  combustion. 

The  kiln  consists  of  a  thick-walled  fire-clay  cylinder  with 
a  removable  lid,  which  encloses  a  high  fire  bridge  consisting  of  a 
thin-walled  cylinder  of  fire  clay.  Within  the  cylindrical  fire 
bridge  there  is  at  a  short  distance  from  it  a  fire-clay  sagger,  B^ 
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cylindrical  in  shape,  capable  of  being  closed  by  a  ltd,  and  serv- 
ing for  the  reception  of  the  trials  to  be  burned.     Prom  eight 
Bunsen  burners,  distributed  regularly  in  a  circle,  the  flame  en- 
ters from  without  through  the  thick-walled  fireclay  mantle  in 
which  corresponding 
openings  have  been  left, 
rises  along  the  thin-walled 
fire  bridge,  is  reflected  from 
the  crown  and,  returning, 
surrounds  the  kiln  space 
proper  and  passes  off  into 
the  chimney.  The  air  used 
in    combustion  enters 
through  the  ring-shaped 
slitremaining  between  the 
outer  wall  and  the  fire 
bridge. 

When  the  kiln  is  to  be 
used,  the  small  inside  sag- 
ger is  first  filled  with  the 
chai^  to  be  burned,  and 
the  cones  for  the  degree  of 
heat  to  be  reached,  are  set 
in  with  the  charge.  Then 
the  opening,  supplying  air 
to  the  Bunsen  burners,  is 
closed  by  turning  the  iron 

connecting-ring,  the  gas  cock  is  slightly  opened  and  the  gas  ig- 
nited. After  the  lid  has  been  placed  in  position  the  opening 
for  the  air  supply  to  the  Bunsen  burners  is  opened  until  blue 
fiames  are  seen. 

The  cones  are  observed  through  a  hole  in  the  cover  of  the 
sa^er  and  through  the  peep-hole  in  the  lid  of  the  kiln,  loosely 
closed  with  a  fire-clay  stopper. 

A  larger  or  smaller  supply  of  gas  is  obtained  by  a  corre- 
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sponding  opening  of  the  supply  cock,  and  it  is  therefore  possible 
to  cause  the  temperature  to  rise  rapidly  or  slowly.  If  a  quick 
burn  is  desired  cone  oio  (melting-point  of  silver  about  960^  C.) 
can  be  melted  in  thirty  to  forty  minutes,  while  with  slower  burn- 
ing the  melting  of  cone  010  need  be  accomplished  only  after 
several  hours. 

The  kiln  was  used  with  advantage  for  the  burning  of  all 
kinds  of  trial  pieces,  common  brick,  face  brick,  pavers,  fire-clay 
ware,  faience,  white  ware,  stoneware,  cement,  magnesite,  and 
porcelain,  for  the  burning  of  colors  and  glazes  and  the  produc- 
tion of  fluxes  and  glasses. 

If  the  kiln  is  to  be  used  for  the  melting  of  glaze  and  color 
fluxes  the  fire-clay  sagger  is  exchanged  for  a  so-called  Hessian 
crucible  whose  bottom  is  provided  with  a  hole  for  the  tapping 
oS  of  the  liquid  mass ;  as  soon  as  the  kiln  is  red  hot  the  lower 
cap  in  the  discharge  vent  is  removed  and  a  bucket  containing 
water  placed  under  it  which  is  filled  with  water  high  enough  so 
that  the  tube  is  immersed  several  centimeters.  The  melted  glaze 
or  fritt  then  gradually  drops  into  the  water  from  which  it  may  be 
taken. 

In  proportion  as  the  glaze  flows  from  the  crucible  a  new 
mixture  is  supplied  from  above  after  the  lid  in  the  kiln  cover 
has  been  removed  for  the  time  being.' 


Pyrometers  and  the  Measurement  of  High  Temperatures. 

Standard  Cones 


PXOF.  CHAft.  W.  MBSLOH,  TKAlfSLATOR 

More  than  any  other  industry,  the  clay  industry  demands  a 
careful  control  of  temperature.  For  instance,  in  order  to  melt 
glass  or  iron  a  certain  minimum  temperature  must  be  reached, 
exceeding  the  same  causes  no  appreciable  damage  in  most  cases 

^  A  kiln  corresponding  to  the  accomiwnTinff  cat  can  be  obtained  from  the 
chemical  laboratory  of  the  Thonindustrie-Zeiiung,  Berlin  N.  W.,  Kmppstr.  S. 
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but  rather  brings  about  a  more  rapid  effect  of  the  heat  For 
the  burning  of  clay  wares,  however,  a  certain  minimum  temper- 
ature is  not  only  necessary  (or  a  soft  bum  will  result),  but  a  cer- 
tain maximum  must  not  be  exceeded  because  otherwise  the  ware 
will  lose  its  shape  and  color,  change  its  density,  etc.  Frequently 
these  two  stages  of  temperature  are  very  close  together.  In  clays 
containing  lime,  for  example,  a  slight  increase  above  the  admissi- 
ble temperature  at  once  produces  a  glass.  Hitherto  it  has  been 
the  task  of  the  burner  to  judge  the  temperature  with  his  eyes ; 
but  even  with  the  most  skilful  burners  mistakes  can  arise ;  their 
eye  is  not  the  same  at  all  times,  moreover  the  external  illumina- 
tion plays  a  very  important  part  in  the  color  of  the  heat ;  on 
bright  days  it  is  different  than  in  murky  weather,  and  again  dif- 
ferent than  at  night  What  means  other  than  the  experienced 
eye  of  the  burner  are  there  available  for  determining  higher 
d^;rees  of  heat? 

For  the  determination  of  lower  temperatures  the  expansion 
of  mercury  furnishes  a  very  good  measure  as  is  well  known. 
For  the  measurement  of  higher  temperatures  a  mercury  appara- 
tus can  no  longer  be  used  since  the  glass  enclosing  the  quick- 
silver is  then  melted.  To  measure  temperatures  by  the  expan- 
sion of  air  or  nitrogen,  offers  great  difficulties  because  the  ves- 
sels in  which  the  air  must  be  enclosed  undergo  changes  in  vol- 
ume with  the  increase  in  temperature.  Platinum,  iron,  and  sil- 
ver vessels  cannot  be  used  since  gaseous  bodies  pass  through 
them  at  a  red  heat ;  glass  and  porcelain  vessels  undergo  a  change 
of  volume  at  high  temperatures  so  that  the  volume  of  the  en- 
closed air  can  no  longer  be  accurately  determined.  Moreover, 
all  bodies  expand  when  heated,  and  even  if  the  coefficients  of 
expansion  for  low  temperatures,  for  instance,  100°  or  200^  have 
been  accurately  determined  for  most  bodies,  and  from  this  a 
mathematical  correction  of  the  expansion  be  made,  considerable 
difficulties  are  still  met  at  higher  temperatures,  since  many  bodies 
expand  less  between  certain  temperature  limits  and  more 
15 
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through  others.  Some  kinds  of  air  thermometer'  furnish  good  re- 
sults for  temperatures  up  to  a  dark  red  heat,  that  is,  to  600^  C 

The  attempts  to  use  the  expansion  of  solid  bodies  for  the 
determination  of  temperatures  have  led  to  no  result.  For  ex- 
ample, a  strip  of  copper  and  iron  were  fastened  together.  At  a 
low  temperature  they  form  a  straight  rod  which  however  will  be- 
come bent  at  a  higher  temperature,  because  the  copper  rod  ex- 
pands more  than  the  iron  rod.  Since  the  metals  lose  tlieir  elasticity 
at  high  temperatures  and  thereby  change  their  volume,  the  rod 
of  copper  and  iron  does  not  go  back  to  the  straight  form  after 
cooling  but  remains  bent  For  the  same  reason  single  metal  or 
carbon  rods  cannot  be  used,  because  after  being  heated  to  a  high 
d^^ree  they  do  not  return  to  their  former  condition  on  cooling, 
but  are  always  increased  in  length  to  a  certain  extent.  To  this 
class  belong  the  graphite  thermometer  and  the  old  Wedgewood 
pyrometer,  in  which  a  cube  or  cylinder  of  clay  was  heated  in 
the  fire  and  the  temperature  inferred  from  the  measurement  of 
the  length.  In  many  white  ware  factories  a  similar  method  is 
used,  the  temperature  required  for  burning  the  ware  being  esti- 
mated by  the  shrinkage  which  the  body  of  the  ware  undeigoes. 
Since  the  slightest  difference  of  the  body  that  is  used  for  the 
cylindrical  measuring  pieces  changes  the  whole  observation,  new 
calculations  must  be  made  for  every  special  material.  Probably 
no  one  has  really  seriously  thought  of  introducing  this  method 
of  measuring  temperatures  in  the  clay  industries. 

The  second  principle  of  measuring  temperature  depends  on 
the  change  of  the  state  of  matter,  such  as  the  melting  of  metals 
and  the  like.  Especially  the  melting-points  of  silver,  gold,  and 
platinum  which  are  quite  fixed,  since  the  metals  are  easily  ob- 
tained in  the  pure  state,  have  been  used  early  and  frequently  for 
this  purpose.  When  gold  and  silver  are  alloyed  we  do  not  ob- 
tain bodies  whose  melting-points  correspond  to  the  average  of 
the  composition,  but  rather  such  whose  melting-points  are  some- 

*  Irately  also  the  mercury  thermometerB  fiUed  with  nitrogen  under  pressure.— 
The  editors. 
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what  lower.  If  the  melting-point  of  silver  be  taken  as  960°  C, 
that  of  gold  as  1075°  C.,and  that  of  platinum  as  1850^  C,  and  assu- 
ming the  mixtures  to  possess  the  average  of  the  melting-points 
of  these  we  obtain  with  the  mixture  of  gold  and  silver  for  every 
10  per  cent  more  of  silver  a  difference  of  temperature  of  11.5°  C, 
and  with  a  mixture  of  gold  and  platinum  for  every  5  per  cent 
more  of  platinum  a  difference  of  38.75°  C.  The  melting-points 
indicated  by  these  cannot  always  be  expressed  accurately  numer- 
ically, nevertheless  a  scale  may  be  arranged  from  them.  The 
determinations,  however,  become  uncertain  as  soon  as  alloys  are 
used  that  contain  more  than  20  per  cent  of  platinum  since  the 
alloys  with  the  larger  percentage  of  platinum  become  heteroge- 
neous in  melting,  that  is,  on  heating,  an  alloy  higher  in  gold  is 
first  segregated  out  which  only  gradually  takes  up  the  alloy 
higher  in  platinum.  The  temperature  corresponding  to  the 
melting-point  of  an  alloy  of  85  per  cent  of  gold  and  15  per  cent 
of  platinum  would  represent  about  the  degree  of  heat  that  is 
used  in  most  brick  works.  On  account  of  the  durability  of  the 
alloys  this  method  of  measuring  temperatures  is  not  expensive. 

The  attempt  has  further  been  made  to  determine  tempera- 
tures by  means  of  the  phenomena  of  disassociation.  Carbon  di- 
oxide begins  to  be  given  off  by  calcium  carbonate  at  500°  C, 
and  decomposition  is  completed  at  about  iocx>°.  Between  these 
limits  the  amount  of  carbon  dioxide  given  off  would  enable  one 
to  determine  the  temperature.  Since,  however,  the  decomposi- 
tion depends  essentially  on  the  condition  in  which  the  calcium 
carbonate  appears  whether  crystalline  or  amorphous,  and  since 
also  the  results  do  not  altogether  agree  this  method  is  completely 
useless. 

Optic  and  acoustic  phenomena  have  likewise  furnished  no 
results  that  can  be  used.  It  has  been  endeavored  to  measure  the 
light  rays  emitted  by  means  of  a  polarization  photometer,  to  de- 
termine the  temperature  from  the  color  of  platinum  when  glow- 
ing, and  also  from  the  note  given  off  by  a  flute  when  hot  fire 
gases  were  blown  into  it     A  large  number  of  apparatus  which 
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are  intended  to  detennine  temperatures  from  electrical  phe- 
nomena have  already  been  foigotten. 

Better  results,  perhaps  the  best  for  a  pyrometer  which 
measures  temperatures  between  wide  limits,  are  g^ven  by  Sie> 
men^s  electrical  p3rrometer.  It  depends  on  the  fact  that  the  re- 
sistance of  a  platinum  wire  (a  spiral)  increases  with  increasing 
temperatures  and  almost  proportionately  to  the  temperature  so 
that  one  can  determine  not  only  the  temperature  limit  of  the 
kiln,  but  also  the  temperature  directly  in  d^[rees.  It  has,  how- 
ever, been  observed  that  when  this  instrument  is  repeatedly 
heated  to  very  high  temperatures,  the  resistance  of  the  platinum 
wire  is  changed ;  hence  it  must  then  be  standardized  anew.  This 
makes  the  apparatus  rather  impracticable  for  factories  where  peo- 
ple are  not  always  at  hand  who  are  trained  for  such  scientific 
work«  Moreover,  in  its  simplest  equipment,  of  wrought  iron  it 
has  the  high  price  of  400  marks  and  double  the  amount  when 
it  is  made  of  platinum. 

There  remains  yet  the  distribution  of  heat  as  a  measure  of 
temperature.  Although  many  useless  pieces  of  apparatus  of 
this  kind  have  been  constructed,  yet  there  are  some  that  furnish 
very  good  results.  To  these  belong  the  calorimeters  made  by 
Saintignon  and  by  Fischer.  The  first  instrument  consists  of 
two  ordinary  thermometers  which  are  surrounded  by  a  constant 
stream  of  water.  The  stream  of  water  first  surrounds  the  one 
thermometer,  giving  it  its  temperature,  say  20°,  then  the  water 
passes  through  an  iron  tube  curved  like  a  horseshoe  into  the 
kiln  in  which  the  water  is  heated,  returns  to  the  second  ther- 
mometer which  registers  the  temperature  there,  say  40*^,  and 
then  is  discharged.  If  the  water  would  make  no  deposits  in  the 
heated  horseshoe  tube,  if  there  were  never  any  smoke  in  the 
kiln  by  which  the  tube  is  covered  with  a  layer  of  soot,  keeping 
ofiE  the  heat  and  not  burning  away,  and  under  the  supposition 
that  the  water  passes  through  with  the  same  velocity  and  the 
same  pressure,  the  difiEerence  of  temperature  would  enable  one  to 
infer  the  temperature  directly.     But  as  a  matter  of  fact  these 
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suppositions  do  not  correspond  with  the  actual  conditions. 
Fischer's  calorimeter  is  a  wooden  cup  in  which  there  is  a  cop- 
per beaker  ;  the  latter  is  closed  above,  excepting  a  small  open- 
ing for  the  insertion  of  a  platinum  or  iron  cylinder  or  a  ball. 
Furthermore  there  is  in  the  interior  a  delicate  mercury  ther- 
mometer which  is  graduated  to  tenths  of  degrees,  and  therefore 
makes  possible  the  reading  of  one  hundredth  degree.  The  cop- 
per beaker  is  filled  with  a  weighed  quantity  of  water,  and  also 
has  itself  been  weighed.  Now  a  weighed  iron  or  platinum  cylin- 
der is  thrown  in  which  has  previously  been  heated  to  the  tem- 
perature of  the  kiln.  Of  course  the  water  in  the  cylinder  is 
heated  by  it.  From  the  rise  in  temperature  indicated  by  the 
thermometer  we  can  calculate  the  temperature  prevailing  in  the 
kiln.  But  also  this  apparatus  is  not  very  practicable  in  the 
hands  of  a  workman. 

Although  silver,  gold  and  platinum  with  their  useful  alloys 
seem  best  fitted  for  practical  purposes,  still  the  range  of  the  tem- 
peratures thus  determined  is  very  small  and  in  no  way  corre- 
sponds to  the  actual  needs.  For  higher  temperatures  at  which 
the  alloys  of  noble  metals  are  no  longer  satisfactory  or  on  ac- 
count of  the  properties  of  the  alloys  no  longer  offer  an  accurate 
means  of  determination,  I  have  for  some  time  used  tetrahedrons 
made  out  of  porcelain  glazes  or  feldspar  which  make  possible  a 
rather  accurate  control  of  the  same  temperature  in  burning. 

If  now,  in  order  to  follow  a  proposition  made  by  Dr.  Heintz, 
of  Saarau,  we  disregard  the  determination  of  temperature  accord- 
ing to  the  ordinary  conception  of  degrees  for  the  purposes  of  the 
ceramic  industries,  we  can  put  in  its  place  a  series  of  tetrahe- 
drons made  out  of  glazes  which  melt  down,  one  after  the  other, 
and  infer  the  temperature  attained  from  the  number  of  tetrahe- 
drons which  have  melted  or  express  the  attainment  of  a  certain 
temperature  in  the  kiln  by  the  melting  of  a  definite  glaze. 

This  process  would  be  analogous  to  that  of  measuring  light 
by  means  of  standard  candles,  i.  ^.,  candles  of  definite  dimen- 
sions, definite  wick  construction,  definite  consumption  of  the 


230  TREATISES  OP  A  GENERAL  SCIENTIFIC  NATURE 

substance  maintaining  the  combustion  per  unit  of  time.  The 
light  of  such  candles,  always  made  in  the  same  manner  at  the 
same  place,  form  the  unit  of  measure ;  here  the  question  would 
be  one  of  making  definite  glazes  with  as  uniform  a  composition 
as  possible  out  of  the  same  raw  materials  at  the  same  place  and 
to  use  their  melting-points  for  the  determination  of  the  tempera- 
tures attained  in  the  kiln. 

In  the  making  of  such  a  series  of  consecutively  melting 
glazes  my  first  consideration  must,  of  necessity,  have  been  to  se- 
lect raw  materials  for  the  production  of  the  glazes,  in  order,  on 
the  one  hand,  that  they  might  be  of  constant  composition,  on 
the  other  hand,  that  they  should  be  stable  in  the  fire  and  make 
possible  an  exact  composition.  The  making  of  ordinary  glasses 
for  this  purpose  was  not  considered,  because  it  is  impossible  to 
protect  the  raw  materials  used  for  their  production  from  the  at- 
tack of  the  crucible  in  which  they  are  melted,  and  also  because 
in  melting  much  of  the  alkali  is  volatilized.  According  to 
Stein  the  loss  of  alkali  in  melting  glass  amounts  to  16  per  cent, 
and  according  to  Splittgerber  11  to  40  per  cent ;  thus  it  would 
be  impossible  to  produce  bodies  of  the  same  composition  and 
hence  of  the  same  melting-point  The  use  of  boracic  add  and 
lead  glazes  was  also  not  considered  at  first  Furthermore,  cones 
made  from  fused  glasses  have  the  property  of  softening  slowly. 
Iriquefaction  takes  place  very  gradually,  the  change  in  shape  is 
extended  over  a  rather  long  space  of  time,  and  hence  the 
determination  of  temperatures  becomes  uncertain ;  in  addi- 
tion, many  glasses  devitrify,  that  is,  segregate  out  crystal- 
line particles  on  slow  heating,  such  as  they  experience  in  the 
kilns  of  the  clay  industry.  This  devitrification  disappears  only 
at  a  temperature  above  that  of  first  softening  when  the  glass  has 
attained  a  certain  degree  of  liquidity  so  that  the  melting  silicates 
do  not  show  definitely  the  first  stage  of  fusion,  which  alone  is  of 
importance.  Accordingly  I  chose  the  ingredients  which  serve 
for  the  production  of  porcelain  glazes  on  a  large  scale  (that  is, 
feldspar,  calcium  carbonate,  quartz,  and  kaolin),  because  these 
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on  the  one  hand,  occur  in  nature  in  a  nearly  definite  composi- 
tion, and  on  the  other  hand,  because  they  contain  no  substances  to 
be  volatilized,  and  hence  are  the  first  materials  to  be  considered 
as  regards  the  maintenance  of  a  constant  composition. 

At  the  same  time  I  was  compelled  to  neglect  the  production 
of  glazes  of  a  very  low  melting-point,  because  these  substances 
make  possible  only  more  difficultly  fusible  glasses.  For  lower, 
temperatures  some  further  work  must  be  done. 

In  the  following  I  give  the  analyses  of  those  constituents 
of  the  glaze  cones  which  I  have  used  in  this  work : 


Roentrand 
feldspar  from 
Becker,  Stettin 

ZettUU  kaoUn, 

from  PUcher 

and  Mieg. 

Norwe^n 

qoarts,  irom 

Becker,StetUn. 

Marble 

from 

Carrara. 

Silica 

64.32 

46.87 

98.52 

1. 00 

Alumina 
Iron  oxide 

19.41 
0.14 

38.56 
0.83 

1.04) 
O.Olj 

0.12 

Lime  - 

trace 

trace 

54.93 

Magnesia  - 

0.35 

trace 

0.21 

Potash 
Soda 

12.90I 
2.10J 

1.06 

0.40 

Loss  on  ignition 

0.57 

12-73 

Carbon  dioxide     - 

43.76 

99.74 

100.05 

100.00 

100.02 

In  the  feldspar  which  may  be  considered  as  the  purest  one, 
most  uniformly  reliable  in  regard  to  natural  occurrence,  the 
ratio  of  fluxing  bases  :  alumina  :  silica  =  i  :  1.09  :  6.19, 
compared  with  the  theoretical,  i  :  i.oo  :  6.00. 

The  Zettlitz  kaolin,  almost  pure  clay  substance  with  only 
1.5  per  cent  of  quartz,  has  the  ratio  of  alumina  (+  iron  oxide)  : 
silica  =  I  :  2.08  (theoretical  i  :  2),  The  quartz  and  marble  are 
also  almost  pure  substances,  the  first  with  98.52  per  cent  of 
silica,  the  latter  with  98.88  per  cent  of  calcium  carbonate. 

The  substances  were  considered  as  chemically  pure  for  this 
work,  the  theoretical  ratios  being  used  in  the  calculation  of  the 
glazes. 
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I  at  first  expected  to  arrive  at  lower  or  higher  melting 
glazes,  as  compared  with  the  feldspar  used  in  the  easiest  way  by 
increasing,  on  the  one  hand,  the  quantity  of  fluxes  by  adding 
calcium  carbonate  (marble  from  Carrara),  on  the  other  hand,  by 
decreasing  the  quantity  of  fluxes  through  the  addition  of  Zett- 
litz  kaolin  or  quartz.  But  this  proved  entirely  unsuitable,  be- 
cause the  phenomena  of  fusion  connected  with  this  practice 
stand  in  contradiction  with  the  previous  views  held  by  us  in  re- 
gard to  the  influence  of  these  constituents  upon  the  fusibility. 
Ifoneequivalentof  feldspar,  or  278.5  parts,  is  compounded  with 
I,  2,  3  equivalents  of  calcium  carbonate,  or  50,  100,  150  parts, 
there  are  obtained,  collecting  potash  and  lime  as  fluxes  under  the 
common  designation  of  RO,  the  following  mixtures : 

No.  I.  Kp,  AI.O3,  6  SiO.  +  CaO,  CO. 
=  RO,  0.5  AI.O3,  3  SiO,  +  CO.. 

No.  2.  K.O,  AI.O3,  6  SiO.  +  2  CaO,  CO., 
=  RO,  0.33  AI.O3,  2  SiO.  +  2  CO.. 

No.  3.  K.O,  AI.O3,  6  SiO.  +  3  CaO,  CO. 
=  RO,  0.25  AI.O3,  1.5  SiO.  +  3  CO.. 

According  to  the  views  previously  held,  the  assumption  had 
to  be  made  that  these  compounds  are  more  fusible  than  the  feld- 
spar, for  they  possess  a  higher  content  of  fluxes,  and  less  alu- 
mina and  silica.  While  the  feldspar  is  a  sixfold  silicate  with 
one  equivalent  of  alumina  these  compounds  represent  a  trisili- 
cate,  a  bisilicate  and  a  one  and  a  half  silicate,  with  only  a  half, 
a  third,  and  a  fourth  equivalent  of  alumina.  These  mixtures, 
however,  all  proved  more  infusible  than  the  feldspar,  and  the 
more  so,  the  lower  the  content  of  silica  and  alumina.  No.  3 
was  yet  completely  porous  at  a  temperature  at  which  the  pure 
feldspar  still  already  fused  to  a  liquid  mass.  The  mixtures  of 
feldspar  with  Zettlitz  kaolin  behaved  similarly. 

No.  4.  K.O,  AI.O3,  6  SiO.  +  0.5  (Al.O,,  2  SiO.,  2  H.O) 
=  RO,  1.5  Al.O,,  7  SiO.  +  H.O. 
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No.  5.  K.O,  2  Al,03,  6  SiO,  +  (AI.O3,  2  SiO.,  2  H.O) 
=  RO,  2  AIJO^,  8  SiO.  +  2  H.O. 

No.  6.  K.O,  AI.O3,  6  SiO,  +  1.5  (AI.O3/2  SiO.,  2  H.O) 
=  RO,  2.5  AI.O3,  9  SiO.  +  3  H.O. 

These  mixtures  likewise  possessed  a  higher  melting-point 
than  feldspar,  which  increased  with  an  increase  in  the  content  of 
Zettlitz  kaolin.  In  the  same  way  the  melting-point  of  feldspar 
was  raised  as  soon  as  quartz  was  added  to  it 

Matters,  however,  appeared  different  as  soon  as  both  calcium 
carbonate  and  kaolin  were  added  to  the  feldspar.  There  re- 
sulted mixtures  whose  melting-points  were  immediately  lowered. 

In  order  to  determine  the  proportions  of  mixing  the  feld- 
spar, marble,  kaolin,  and  quartz,  whenever  the  latter  was  needed, 
a  number  of  glaze  mixtures  were  prepared.  These  were  mixed 
from  finely  powdered  and  dried  raw  materials,  intimately  rubbed 
on  a  glass  plate  and  from  the  mixture  tetrahedrons  were  molded 
in  oiled  copper  molds.  The  tetrahedrons  were  6  cm.  high,  each 
side  of  the  triangular  base  being  1.5  cm.;  these  were  finally  ce- 
mented to  a  fire-clay  tile  and  exposed  to  the  fusing  heat  of  feld- 
spar. In  the  following  table,  in  column  2  will  be  found  the  com- 
position of  the  glaze  mixtures,  in  column  3  their  chemical  formulas, 
in  column  4  the  appearance  of  the  cones  at  the  melting  heat  of 
the  feldspar. 

These  are  divided  into  eight  groups.  The  first  group  con- 
tains feldspar  and  quartz  in  the  equivalent  proportion  of  i  :  6, 
and  the  clay  content  rises  from  j4  >  %  equivalent 

In  the  next  three  groups  they  have  a  composition  similar  to 
that  of  the  members  of  the  first  group,  designated  by  letters,  only 
with  an  addition  of  i,  2,  3  equivalents  of  calcium  carbonate. 

The  members  in  the  groups  5-8  have  the  same  composition 
as  in  the  first  groups,  only  in  place  of  6  we  have  12  equivalents  of 
carbon  dioxide.  The  relatively  most  fusible  mixtures  in  every 
group  are  always  marked  with  a  f- 
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la 


i^ 


ir 


M 


2b 


2C 


3« 


3* 


y 


I 
6 

I 
6 
as 

I 
6 
I 

I 
6 

1.5 


It 


Eq.  Feldspar     378.5 
Qnartx         180.0 


Feldspar  378.5 
Qnartz  180.0 
Zettl.  kaol.   64.75 

Feldspar  278.5 
Quartz  100.0 
2:ettl.  kaol.  129.5 

Feldspar  278.5 
Qnartz  180.0 
Zettl.  kaol.  194.25 


I 
6 

I 

z 

I 
0.5 

I 
6 

I 
I 

I 
6 

I 

1.5 


I 
6 

2 

I 
6 

2 

0.5 

I 
6 

2 
I 

I 
6 

2 

1.5 


I 
6 

3 


Feldspar 

Quartz 

Marble 


278.5 
180.0 
50.00 


Kfi,  A1,0„  12  SiO, 


K,0.  AljO,,  13  SiO, 


K,0,  Al^Oi,  14  SiO, 


K,0.  A1,0,.  isISiO, 


Test  oooe  sharp  cor- 
nered, with  incra*- 
Inf  Aoditloiu  of  kao> 
Vta.  the  exterior  floM 
and  the  tianapuency 


0.5K,0 
0.5CaO 


Feldspar  278.5 
Quartz  180.0  |o.5K,0 
Marble  50.00  9.5CaO 
Zettl.  kaol.  64.75 

Fddspar     278.5 
Quartz         i8o.ool>.5K,0 
Marble         50.oop.5CaO 
Zettl.  kaol.  129.5 

Feldspar  278.5 
Qnartz  180.0  |o.5K,0 
Marble  50.00  0.  sCaO 
Zettl.  kaol.  194.25 


Feldspar     278.5 
Quartz         180.00 
Marble        100.00 


o.33K,0 
o.66CaO 


Feldspar     278.5 
Quartz         180.00b. 
Marble        loo.oop. 
Zettl.  kaol.   64.75 


Feldspar     278.5 
Quartz         180.0  k>.33K,0 
Marble        ioo.oob.66CaO 
Zettl.  kaol.  129.5 

Feldspar     278.5 
Quartz         180.0  k>.33K,0 
Marble        ioo.oop.66CaO 
Zettl.  kaol.  194.25 


O 
O 


Feldspar 

Quartz 

Marble 


o.5Al,0„  6  SiO, 


o.75A],0„  6.50  SiO, 


i.ooA1,Ob,  7.00  SiO] 


i.25Al,0„7.5oSiOi 


o.53Al,0„  4.00  SiO, 


t  Not  melted.     Re- 
bliag  poroelaia. 


Melted  to  ronad 
drop*. 


t  Melted  to  nwad 

drops.     The  softest 

tgUM  falls  in  this 


G<Mie  down,  bat  the 
*  shape  of  the  oone  is 
still  recofniisable. 


Not  gone  down. 


Gone  down,  but  the 
■hape  of  the  oone  is 
■till  recognisable,  in- 
clined to  deritrifica- 
tion. 


o.5oAl,0„  4-33  SiO, 


Down  Hat,  approxi- 

0.66A1.0.,  4.66  sio.te^^s"ta"tt:j 


t  Melted  down  level 


o.83Al,0„  5  SiO, 


o.25Al,0^,  3SiO, 


preceding. 


Gone  down,  bat  the 
form  of  the  cone  still 
recognisable. 


Cone  has  settled, 
t  is  not  entirety 
down. 


bat  i 
Kone 
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4tf 


4^ 


4^ 


5« 


5* 


Sc 


I 
6 

3 

I 
6 

3 

I 

X 

6 

3 
1.5 


Kq.  Feldspar 
Quattz 
Marble 
Zettl.  kaol. 

Feldspar 
Quartz 
Marble 
ZetU.  kaol. 

Feldspar 
Quartz 
Marble 
Zettl.  kaol. 


I 

T2 

I 
12 

0.5 

I 

12 

I 

I 
12 

1.5 


^  Melted  into  a  dfoo- 
bike 


MicHiMtlon  to  dcvitri 


278.5  I 
l|^SSS:75C:o}^-3aAl.Q..3.a5SiO. 

84.75 

iE"b:;|§8}o-5A1.0,.3.5SiO. 

i«9.5 

278.5 

180.00 0.25K,O  \^ I-,.,  ^    •  •^csin       Melted  down   flat. 

i50.ooa.75c2o  |o<i3A1.0,.3.75SlO.  |Bbojj.^^^ncy  to 

194**5 


ication. 


t  Melted  down  flat. 
Haa  began  to  dear. 


Feldspar 
Quartz 

Feldspar 
Quartz 
Zettl.  kaol. 

Feldspar 
Quartz 
Zettl.  kaol. 

Feldspar 
Quartz 
Zettl.  kaol. 


278.5 
360.00 

278.5 
360.00 

64.75 

278.5 
360.00 

129.5 

278.5 
360.00 

194.25 


K,0,A1,0„  i8SiO, 


K,0, 1.5  A1,0„  i9SiO, 


K,0,  2  A],0.,  20  SiO, 


K,0.  2.5  A1,0,,  21  SiO, 


Not  melted,  re- 
sembling porcelain 
leas  glased  than  the 
mixture  carried  out 
under  5. 


6a 


6d 


6c 


I 

12 

I 

I 
12 

I 
0.5 

I 

12 

I 

I 

I 

12 

I 

1.5 


I 
12 

2 


Feldspar 

Quartz 

Marble 


278.5 
360.00 

50.00 


*f  oio  }o-5Al,0..9SiO. 


Feldspar     278.5 
Quartz         360. 
Marble  50.00 

Zettl.  kaol.   64.75 


SfclcSo  }o-75A1.0,.9.5SiO, 


Feldspar     278.5 
Quartz        360.0010 
Marble         50.0010 
Zettl.  kaol.  129.5 

Feldspar     278.5 
Quartz        360.0010 
Marble         50.000, 
Zettl.  kaol.  194.25 


Melted  down,  but 
the  form  ia  still  plain- 
ly recognisable. 


t  Melted  down  to 
round  dropa. 


lisolo  }ioAl,0„ioSiO. 
lisoio  }»»SAl,0,.io.5SiO, 


I^eas  strongly  fused 
than  6. 


Cone  with  a  bent 
point. 


Feldspar 

Quartz 

Marble 


3^-^'66CaO  I  °'33  A1,0„  6  SiO, 
100.00 ''•'~^*^^ 


Melted  down,  but 
with  form  still  recog- 
nisable. 
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7« 


lb 


ic 


I     Eq.  Feldspar     278.5 
12 

% 


8 


8a 


8^ 


8^ 


I 

13 

3 

I 
12 

3 
0.5 

I 

13 

3 
I 

I 

13 

3 

IS 


ZetU.kaol.   64.5 
Feldtpu-     378.5 

Zettl.  kaol.  139.5 
Feldspar     378.5 

SSSl    iS:$^§8}<>-«3Ai.o..7.o8io. 

ZetU.  kaol.  194.35 


Melted    down  to 
round  drops. 


t  Has  flowed  to> 

sCbei    ' 

rope. 


icCber  iato  round 
3ft>p 


Melted  into  round 
drops. 


Feldspar 

Quartz 

Marble 

Feldspar 

Marble 
Zettl.  kaol. 

F^dspar 
Quartz 
Marble 
Zettl.  kaol. 

Feldspar 
Quartz 
Marble 
Zettl.  kaol. 


S^-"*  olf  Olo  }^-^5  A1,Q,.  4.5  SiO, 
150.00    '^' 

278.5 
?S:SS:7loIo}o-38A1.0..4.75SiO, 

64.75 

S:!s|S:;f&o}-5oAi.o..5Siq. 
1295 

I94a5 


Melted  into  round 
Irops. 


Melted  down  into 
round  drops. 


t  Melted  down  into 
round  drops  which 
n  to  clear. 


Melted  down  into 

Fund  drops  which 
iTe  begun  to  dear. 


Selecting  the  most  easily  fusible  mixtures,  and  n^lecting 
those  of  groups  i  and  5  which  do  not  show  any  fusion  at  the 
melting  heat  of  feldspar,  they  will  be  found  to  be  the  follow- 
ing, chosen  from  the  several  groups : 


From  group  a    - 

oil  oSo}*^"^^'*-5SiO,. 

From  group  3 

ogoJo}*'-5^^'*'a3®*°- 

From  group  4    - 

a750io}*»-5^0«'3SSiO.. 

From  group  6 

Ss  ilo}o-W^O«'9-5SiO,. 

From  group  7    ~ 

aSoJo}*«*^<>-«-«8lO- 

From  group  8 

ag§;o}«-S^O*.*8'0.- 
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The  relatively  most  fusible  mixtures  taken  from  these  groups 
are  those  from  the  groups  4  and  8,  which  at  the  temperature  used 
(melting-point  of  feldspar)  already  commenced  to  become  clear, 
having  thus  attained  a  considerable  degree  of  liquidity.  Prom 
this  it  appears  distinctiy  that  neither  the  glazes  lowest  in  alu- 
mina are  really  the  most  fusible  ones,  nor  those  with  a  higher 
content  of  alkali,  but  that  for  low  fusibility,  there  must  evi- 
dendy  be  a  definite  proportion  between  alumina  and  fluxes.  This 
relation  becomes  still  more  distinct  in  the  following  experiments 
in  which  the  fluxes  (RO)  always  had  the  same  composition  (0.2 
K^O,  0.8  CaO),  but  the  alumina  and  silica  content  was  increased. 
Mixtures  were  again  prepared  and  burned  at  the  same  tempera- 
ture whereby  in  every  group  the  going  down  of  the  most  easily 
fusible  cones  was  observed. 


9« 


sf> 


9C 


9d 


PeldMMur  55.7 

Marble  40.0 

Quartz  24.0 

Feldspar  55.7 

Marble  40.0 

Quartz  18.00 

ZettHlz  kaolin  12.9 

Feldspar  55.7 

Marble  40.00 

Quartz  12.0 

Zettlitz  kaolin  25.9 

Feldspar  55.7 

Marble  40.00 
Quartz  6.0 

Zetditz  kaolin  38.8 

Feldspar  55.7 

Marble  40.0 

Zettlitz  kaolin  51.8 


RO,  0.2  Al,Os,  2  SiO,. 


RO,  0.3  AljQ,,  2  SiO,. 


RO,  0.4  A1,0„  2  SiO,. 


This  group  showed 
Itself  more  oifficultly 
fusible  than  the  cor- 
responding members 
of  the  following 
gjxoups ;  that  with  a  f 
ngn  went  down  first. 


RO,  0.5  Al,Os,  2  SiO,.  t 


RO,  0.6  Alfit,  2  SiO,. 


xo 


loa 


Feldspar  55.7 

Marble  40.0 

Quartz  54.0 

Feldspar  55.7 

Marble  40.0 

Quartz  48.0 
Zettlitz  kaolin      12.9 


RO,  0.2  Alfitt  3  SiO,. 


RO,  0.3  AljQ,,  3  SiO,. 


This  group  showed 
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lO^ 


IOC 


lod 


Feldspar  55.7 

Marble  40.0 

Quartz  42.0 

Zettlitz  kaolin  3S*9 

Feldraar  55.7 

Marble  40.0 

Quartz  36.0 

Zettiitz  kaolin  38.8 

Feldspar  55.7 

Marble  40.0 

Quartz  3D.0 

Zettlitz  kaolin  51.8 


Btself  more  easily  fna- 
LI 


w%r\         Atr\       oi/\         able  ^h^fi  tlie  pxeced* 
RO.  0.4  A1,0„  3  SiO,.        ^^  ^^  ^^  j^  ^, 

pcultlv  fusible  than 

Kie  foUowing  group, 
laze  No.  10^  is  tnc 

RO.  0.5  A1,0„  3  SiO,.  t  ^^  '«««d- 


RO,  0.6  Al,Ot,  3  SiO,. 


II 


iia 


11^ 


lie 


lid 


FeldnMtr  55.7 

Marble  40.0 

Quartz  84.0 

Peldmar  55.7 

Marble  40.0 

Quartz  78.0 

Zettlitz  kaolin  12.9 

FeldMMu-  55.7 

Marble  40.0 

Quartz  73.0 

Zettlitz  kaolin  25.9 

Feldspar  55.7 

Marble  40.0 

Quartz  66.0 

Zettlitz  kaolin  38.8 

Feldspar  55.7 

Marble  40.0 

Quartz  6ao 

Zettlitz  kaolin  51.8 


RO,  0.2  A],0„  4  SiO,. 


RO,  0.3  Al,Oa,  4  SiO,. 


RO,  0.4  A1,Q„  4  SiO,. 


This  group  was  still 
more  mible  than  the 
breoeding;  the  easi- 
est fused  was  lie. 


RO,  0.5  A1,0„  4  SiO,.   t 


RO,  0.6  A1,0„  4  SiO,. 


12 


12a 


12^ 


12C 


Feldspar  55.7 

Marble  40.0 

Quartz  114.0 

Feldspar  55.7 

Marble  40.0 

Quartz  108.0 

Zettlitz  kaolin  12.9 

Feldmar  55.7 

Marble  40.0 

Quartz  102.0 

Zettlitz  kaolin  25.9 

FeldnMr  55.7 

Marble  40.0 

Quartz  96.0 

Zettlitz  kaolin  38.8 


RO,  a  2  Al,Oa,  5  SiO,. 


RO,  0.3  AljO,,  5  SiO,. 

This  group  is  less 
fusible  uan  the  glazes 
jof  the  preceding 
RO,  0.4  A1,0„  5  SiO,.       group ;  the  glazes  12c 

and  i2d  were  the 
most  fusible,  and 
showed  no  recogniza- 

Hr.^         *.rx       «.^     ^  Mc difference. 
RO,  as  A1,0„  5  SiO,.  t 
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I2d 

Feldspar 
Marble 
Quartz 
Zettiitz  kaolin 

55.7 
40.0 

90.0 
51.8 

RO,  0.6  A1,0„  5  SiO,. 

13 

Feldspar 

Marble 

Quartz 

Feldspar 

Marble 

Quartz 

55.7 
40.0 

144.0 
55.7 

RO,  0.2  A1,0,»  6  SiO|. 

I3« 

40.0 
138.0 

RO,  0.3  AlfOa,  6  SiO,. 

1.^ 

ZettUtz  kaolin 

Feldspar 
Marble 
Quartz 
Zettiitz  kaolin 

12.9 

55.7 

40X> 

132.0 

25.9 

RO,  0.4  A1,0„  6  SiO,. 

This  group  is  less 
fusible  uan  tne  glazes 
of  the  preceains 
group;  the  most  fusf. 
Die  were  ly  and  13^/, 
which  went  down  al- 

Feldspar 

Marble 

Quartz 

55.7 

most  at  the  same  time. 

13^ 

40.0 
136.0 

RO,  0.5  AljOi,  6  SiO,.  t 

ZettUtz  kaolin 

38.8 

Feldspar 

Marble 

Quartz 

55.7 

ly/ 

40.0 
120.0 

RO,  0.6  A1,0„  6  SiO,. 

Zettiitz  kaolin 

51.8 

When  these  trials  were  burned  in  groups,  as  they  are  given 
in  the  preceding  pages,  each  group  having  thus  the  same  con- 
tent of  fluxes  and  silica  but  an  increasing  content  of  alumina, 
the  tests,  at  the  melting  heat  of  feldspar,  with  the  lowest  per- 
centage of  alumina  always  showed  sharp  edges,  and  were  hardly 
translucent  along  the  edges  and  quite  porous,  while  the  fusibility 
was  increased  with  an  increase  in  alumina;  with  0.5  equivalent 
alumina  maximum  fusibility  was  reached,  and  above  that  the 
melting-point  again  began  to  rise.  This  phenomenon  was  bound 
to  appear  remarkable  since  hitherto  it  had  always  been  assumed 
that  the  glasses  and  glazes  with  the  lowest  content  of  alumina 
were  the  most  fusible  ones.  This  behavior  is  important,  not 
only  for  the  clay  industry,  which  endeavors  to  produce  as  fusi- 
ble glazes  as  possible,  but  also  for  the  glass  industry,  which  for 
ordinary  bottles  demands  a  similar  aluminous  glass  as  does  the 
porcelain  industry  for  its  glazes.     When  the  separate  trials  were 
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SO  arranged  to  groups,  that  they  possess  the  same  content  of 
fluxes  and  the  same  content  of  alumina,  the  groups  thus  com- 
prising 9,  ID,  II,  12,  13,  and  again  9a,  loa,  no,  12a,  13a,  the 
amount  of  silica  rises  steadily  within  these  groups.  The  trials 
of  the  separate  groups  burned  at  the  melting  heat  of  feldspar 
showed  differences  in  fusibility  among  themselves  but  these  were 
only  slight  However,  as  a  whole,  the  single  group  showed  a 
considerable  variation  in  fusibility  according  to  its  content  of 
alumina.  In  general,  the  most  fusible  glazes  were  9^,  lor,  i  ic^ 
i2Cj  13^,  and  among  these  cone  11^  was  first  melted,  represent- 
ing a  glaze  of  the  composition :  ^'1^*^  \o.s  Al^O^,  4  SiO,. 

After  the  most  suitable  relation  of  alumina  and  silica  was 
thus  determined  for  the  most  fusible  glaze,  there  remained  yet  to  be 
determined  what  favorable  proportion  between  the  fluxes,  potash, 
and  lime  is  to  be  accepted  in  order  to  keep  the  glaze  as  fusible 
as  possible.     For  this  purpose  the  glaze  RO,  0.5  Al  O  ,  4  SiO 

was  so  changed  that  RO  was  represented  by  CaO,    {  ^^      \!^ 

\  0.9  CaO 

r  0.2  K.O    f  0.3  K,0    r  0.4  K.O  (  0.5  K.O 

1 0.8  CaO'   1 0.7  CaO'    U0.6  CaO'  ^"^  I  0.5  CaO' 

This  produced  the  following  mixtures : 


14 


14a 


14* 


14^ 


Marble 
Quartz 
Zettlitz  kaolin 

Feldspar 
Marble 
Quartz 
Zettlitz  kaolin 

Feldspar 
Marbfe 
Qnartz 
ZetUitz  kaolin 

Feldspar 
Marble 
Qnartz 
Zettiitz  kaolin 


50.0 
90.0 

64.7 

27.8 
45.0 
78.0 
51.8 

55.7 
40.0 

66.0 

38.8 

83.6 
35.0 
54.0 
25.9 


CaO,  0.5  A1,0„  4  SiO,. 


0:9  ^O  }  ^-5  AI.O.,  4  SiO.. 
0.8  &0  }  °-5  A1.0,.  4  SiO.. 
0.7  Oio  }  ^-5  A1.0,,  4  SiO.. 
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l^ 


14^ 


Feldspar 
Marble 
Qnartz 
Zettlitz  kaolin 

Feldspar 

Marble 

Qnartz 


ZII.4 
30.0 
43.0 
13.9 

139.3 
35.0 

30.0 


0:6  Oio  }  °-5  A1.0„  4  SiO.. 
0.5  So  }  °-5  A1.0,.  4  SiO,. 


When  these  six  mixtures  were  heated  to  the  melting  heat 
of  feldspar,  the  trials  14^  and  14^  went  down  first  and  almost 
simultaneously,  far  below  the  temperature  reached,  and  after  the 
experiment  were  found  to  show  a  tendency  to  become  clear.  Then 
14^  and  i^d  melted,  and  the  tests  14  and  14^  were  left  as  por- 
celain-like bodies  without  any  appreciable  fusion  on  the  edges. 
Therefore,  the  proportion  between  the  fluxes  K^O  and  CaO 
from  0.2-0.3  to  0.8-0.7  must  be  considered  as  the  most  favora- 
ble one  for  fusion.  The  most  fusible  true  porcelain  glaze  at  all 
producible  in  this  manner,  from  the  raw  materials  mentioned, 
has  thus  the  composition : 

0.2-0.3  KOI  ^,^       ^_ 

Of  these  the  second  composition  was  chosen. 

This  glaze,  according  to  its  equivalent  proportion  of  silica 
was  numbered  4,  and  it  was  now  endeavored  to  produce  glazes 
still  more  fusible  by  replacing  part  of  the  alumina  by  iron  oxide. 
This  attempt  was  quite  successful  when  up  to  o.  2  equivalent  of 
the  alumina  in  the  above  glaze  was  replaced  by  equivalent  quan- 
tities of  Fe  O  .  On  increasing  the  iron  content  still  more  de- 
vitrifying  glazes  were  obtained  which,  of  course,  could  not  be 
considered.  On  the  other  hand,  more  infusible  glazes  were  pro- 
duced by  a  further  increase  of  the  alumina  and  silica  content. 
In  order  not  to  complicate  the  conditions  it  was  decided,  begin- 
ning with  glaze  No.  5  which  contains  ten  times  as  much  silica 
as  alumina  in  equivalents,  to  retain  this  proportion;  thus  in 
these  the  alumina  equivalent  stands  to  the  silica  equivalent  in 
the  ratio  of  i  :  10. 

The  following  mixtures  were  now  made  for  the  standard 
16 
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cones.  These  mixtures  after  weighing  were  put  into  small  porce- 
lain ball  mills  and  ground  in  water  for  half  a  day  for  the  pur- 
pose of  intimate  blending.  The  slip  after  decanting  as  much 
water  as  possible  was  evaporated  to  dryness  and  then  thoroughly 
worked  with  mucilage  water.  Prom  the  mass  thus  produced 
tetrahedrons,  6  cm.  high  with  a  base  whose  sides  are  i  ^  cm. 
in  length,  were  molded.  In  the  following  tables  I  give  the 
chemical  formulas  as  well  as  the  composition  of  the  standard 
cones : 


No. 

Chemical  fonaula. 

Mixture. 

I 

o.7CaO;   lo.3Al,0,;^^*"» 

Feldapar             83.55 
Marble               35-oo 
Qnartz                 66.00 
Iron  oxide          16.00 

2 

o.3K,01    /o.iFe,0,l     gio 
0.7  CaO  /   \  0.4  A1,0,  /  ^  ^*"« 

Feldspar             83.55 
Marble                35-oo 
Quartz                 60.00 
Iron  oxide            8.0 
Zettlitz  kaolin    12.95 

3 

0.3  K,0 1     f  0.05  Fc,Oi  1     gio 
0.7  CaO;   \o.45Al,0,M*'*"» 

Feldmiar             83.55 
liarble                35.00 
Quartz                 57.00 
Iron  oxide            4.00 
Zettlitz  kaolin    19.43 

4 

ojSo}o-5A1.0,.4SiO, 

Feldspar             83.55 
Marble               35.00 
Qnartz                 54«oo 
Zettlitz  kaolin    25.90 

5 

^:f|;g}o.5A1.0,.5SiO, 

Feldspar             83.55 
Marble                35.00 
Quartz                 84.00 
Zettlitz  kaolin    25.90 

6 

o:7l;8}<'<^^'0"«s*O' 

Feldspar             83.55 
Marble                35.00 
Quartz               108.0 
ZettUtz  kaolin    38.85 

1* 

8 
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No. 


8 


10 


II 


13 


13 


14 


15 


16 


Cliemieal  fonnnla. 


o:7ol8}''-7AlA.7SiO, 


o:fal8}''-8^o,.8Sio. 


0.3  K,0  \ 
o 


J  oJo  }  *'-9  ^°-  9  S'0« 


o.7o!o}'*'^'»°»''**®*®' 


oIt&o}   '•«  A1.0..  1.  SiO, 


a5oIo{   M  A],0..  ,4  SiO, 


^3g|g}'.6A1.0..i6SiO, 


alolo}   '8Al,0..,8SiO, 


a|&8}   «•' A1.0..  2,  SiO, 


af&o}   MA].O..MSiO, 


Mixture. 


Feldspar  83.55 

Marble  35*oo 

Quartz  133.00 

Zettlitz  kaolin  51.80 


Feldspar  83.55 

Marble  35*oo 

Quartz  156.00 

Zettlitz  kaolin  64.75 


Feldspar  83.55 

Marble  i^'^^ 

Quartz  180.00 

Zettlitz  kaolin    77.70 


Feldspar  83.55 

Marble  35 -oo 

Quartz  304.00 

Zettlitz  kaolin    90.65 


Feldspar  83.55 

Marble  35-oo 

Quartz  353.00 

2Settlitz  kaolin  116.55 


Feldspar  83.55 

Marble  35-oo 

Quartz  300.00 

Zettlitz  kaolin  143.45 


Feldroar  83.55 

Marble  3S*^^ 

Quartz  348.00 

ZetUitz  kaolin  168.35 


Feldflpar  83.55 

Marble  35>oo 

Quartz  396.00 

Zettlitz  kaolin  194.35 


Feldspar  83.55 

Marble  35-oo 

Quartz  408.00 

Zettlitz  kaolin  333.10 

Feldspar  83.55 

Marble  35.00 

Quartz  540.00 

Zettlitz  kaolin  371.95 


I 


SS' 
o 

M 

t 

o 


o 
CO 

5 


b  B 
OS. 

-  a 

o 
S' 


3 


a 
PS 
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No. 


Chemical  formnlm. 


Mixture. 


»7 


0.3  z,o  \ 


a?So|»-7^0"»'SiO. 


Peldmar  83.55 

Marble  35>cx) 

Quartz  613.00 

Zettlitz  kaolin  310.80 


o 

03 


18 

0.7  oJo}  3.»  A1,0,.  31  SiO, 

Peldapar  83.55 
Marble  35-oo 
Quartz  708.00 
Zettlitz  kaolin  362.60 

19 

aydlo}  3-5  Al,(\.  35  SiO. 

Peldmar  83.55 
Marble  35- 00 
Qnartz  804.00 
Zettlitz  kaolin  414.40 

30 

a?  So}  3.9  A1.0»,  39 SiO. 

Peldapar  85.55 
Marble  35-oo 
Qnartz  900.00 
ZettUtz  kaolin  466.30 

9 


^8 
Pff 


0> 


•   o 


21 


0.3  K,0  \ 

o 


lyoSo}  4.4Al,0„44SiO. 


Peldnwr  83.55 

Marble  35*oo 

Quartz  I030.oo 

Zettlitz  kaolin  530.95 


22 


o:7oJo}^-9Al.Q„49SiO. 


Peldapar  83.55 

Marble  55-oo 

Qnartz  1140.00 

Zettlitz  kaolin  595.70 


23 


0.3  K,0  \ 
o 


jolo}  5.4  A1,0„  54  SiO. 


Peldapar  83.55 

Marble  35 -oo 

Qnartz  1260.00 

Zettlitz  kaolin  660.45 


ojclo}^-^^^''^^*^' 


Peldroar  83.55 

Marble  35-oo 

Quartz  1404.00 

Zettlitz  kaolin  738.15 


25 


0:7  §[0}  6.6  A1.0.,  66  SiO, 


Peldapar  83.55 

Marble  35 -oo 

Qnartz  1548.00 

Zettlitz  kaolin  815.85 


26 


0.3  K,0  \ 


0.7  So  I   7.2  A1.0„  72  SiO. 


Peldapar  83.55 

Marble  55-00 

Quartz  1692.00 

ZettUtz  kaolin  893.55 
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Na 


Chemical  formula. 


Mixture. 


27 

1.7  clo  ]  ^  ^o.. ««  SiO, 

Feldspar            83.55 
Marble                35.00 
Quartz             4764.00 
Zettlitz  kaolin  2551.13 

aS 

Al  0     TO  QiO 

Quartz               240.00 
Zettlitz  kaolin  129.50 

•9A 

.     - .      ALO     a  «UO 

Quartz               180.00 
Zettlitz  kaolin  129.50 

^ 

tt> 

Al  Ol    6  mo 

Quartz               120.00 
Zettlitz  kaolin  129.50 

30 

4T 

Al  0     c  ^lO 

Quartz                90.00 
Zettlitz  kaolin  129.50 

3* 

AljV/ji  5  01\^2 

32 

Al  0     4  SiO 

Quartz                60.00 
Zettlitz  kaolin  129.50 

33 

A1,0,.  3  SiO, 

Quartz                30.00 
Zettlitz  kaolin  129.50 

^M 

... Al  o    ft  e mn 

Quartz                 15.00 
Zettlitz  kaolin  129.50 

34 

AljV/3,  2.5  OlWg 

35 

Al  0     5  QfO 

ZettHtz  kaolin 

36 

Rackonitz  thale-clay 

The  melting  of  these  tetrahedrons  determines  the  tempera- 
tures between  the  melting-point  of  90  gold,  10  platinum  (that  is, 
about  1145°)  and  the  highest  heat  of  the  porcelain  fire.  The 
temperatures  which  correspond  to  the  melting-points  of  the 
cones  21  to  26  are  reached  in  the  iron  and  water  gas  industries. 
The  cones  26  to  36  serve  for  the  determination  of  the  refractori- 
ness of  clays.' 

I  In  connection  with  these  cones  i  to  36  the  publishers  have  later  on  made  lower 
meltins:  cones,  01-022,  see  Thonindustrie  Zeiiungt  1892  and  1895,  of  which  the  num- 
bers 01-010  i^o  do¥m  to  silver  melting  heat  and  are  used  for  the  burning  of  easily 
fusible  brick  days,  while  the  numbers  011-022  descend  to  dark  red  heat  and  are  in- 
tended for  the  fixing  of  colors,  enamels,  and  gold  decoration  in  muffles. 
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It  has  also  been  endeavored  to  compound  the  glazes  in  such 
a  manner  that  only  their  silica  content  is  increased,  the  alkali 
and  lime,  as  well  as  the  alumina  content,  being  always  the  same. 
The  glazes  would  thus  have  the  composition : 

o'  So}  <^5  AJ-O..  -SiO, 

But  in  these,  in  the  higher  numbers,  there  appeared  devit- 
rification phenomena,  owing  to  the  continued  decrease  of  the 
basic  constituents,  while  those  in  which  an  increase  in  alumina 
is  simultaneous  with  the  rise  in  silica,  up  to  the  most  infusible 
ones,  do  not  show  these  peculiarities,  but  always  result  in  smooth 
non-crystalline  mixtures. 

I  want  to  state  that  the  temperature  difiFerences,  which  mark 
the  melting-points,  are  not  constant ;  this  can  be  determined  in 
a  sufficiently  accurate  manner  by  observing  the  cones  in  the 
kiln.  The  cones  i,  2,  3,  4,  were  melted  down  in  the  test-kiln 
in  quite  uniform  intervals  of  time ;  their  melting-points  lie  con- 
secutively between  the  platinum  gold  alloys  90  gold,  10  plati- 
num, and  80  gold,  20  platinum ;  ordinarily  they  went  down  in 
intervals  of  from  ten  to  fifteen  minutes.  Then  followed  5,  6, 
and  7,  which  do  not  vary  much  in  r^^rd  to  melting-point,  and 
were  melted  down  in  intervals  of  about  five  minutes.  Then  again 
there  appeared  quite  a  regular  interval  between  the  remaining 
cones  which  was  estimated  to  be  in  the  average  from  one-quarter 
to  one-half  hour  with  the  higher  numbers.  But  I  did  not  desire 
to  do  away  with  the  cones  5,  6,  and  7,  because  their  numbers 
correspond  to  the  acidity.  There  is  to  be  considered  that  the 
cones  of  the  higher  numbers  always  are  slower  to  fuse;  this  can 
be  explained  by  the  fact  that  at  higher  temperatures,  on  ac- 
count of  the  continually  increasing  heat  losses  the  temperature 
of  the  kiln  always  rises  more  slowly,  and  also  the  glazes  become 
more  viscous  and  for  this  reason  go  down  more  reluctantly. 

When  using  cones  one  must  always  bear  in  mind,  when 
placing  them,  that  they  always  bend  towards  one  and  the  same 
side ;  and  that  is  the  open  side  of  the  mold,  on  which  the  cone  is 
stamped  with  the  number.  They  are  also  to  be  set,  so  that  the 
going  down  of  the  point  c^n  be  observed.     The  instant  at  which 
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the  point  of  the  bending  cone  touches  the  fire-clay  tile  serving 
as  the  support  is  best  to  be  considered  as  the  beginning  of  fusion. 

Since  the  kilns  of  the  ceramic  industry  always  show  dififer- 
ences  in  regard  to  temperature  which  is  highest  near  the  inlet 
of  the  fire  and  lowest  at  the  outlet,  the  temperature  must  not  be 
determined  once  at  one  place  and  then  again  at  another,  for 
this  would  practically  lead  to  no  result.  It  should  rather  be  in- 
sisted that  the  temperature  is  always  determined  at  the  same 
place  in  the  kiln. 

All  claywares  require  a  minimum  temperature  in  order  to 
produce  in  the  body  or  the  glaze  the  finished  condition ;  how- 
ever, they  must  not  be  carried  beyond  a  certain  limit  if  disadvan- 
tages are  not  to  result.  The  temperatures  must,  therefore,  be 
measured  at  'least  at  two  places  in  the  kiln  where  the  highest  and 
lowest  temperatures  prevail.  The  temperature  measured  by 
means  of  the  cone,  registers  in  one  place  the  maximum  which 
must  not  be  passed,  in  the  other  place  the  minimum  which  must 
absolutely  be  attained.  The  places  where  the  maximum  and 
minimum  are  found  will  be  now  above,  now  below,  now  in  front  of 
the  fire  end,  and  again  behind  it,  according  to  the  construction 
of  the  kiln.  Which  place  is  chosen  for  the  measurement  of  tem- 
perature, each  one  will  have  to  determine  for  himself,  according 
to  the  construction  and  the  size  of  the  kiln  ;  the  main  point  is 
that  the  trial  cones  be  set  at  the  same  place  in  the  kiln. 

The  trial  cones  must  always  be  so  placed  that  they  can  be 
observed  through  a  horizontal  tube.  With  the  horizontal  posi- 
tion of  the  tube,  it  may  be  closed  by  a  disk  of  glass  in  the  outer 
opening.  It  is  not  necessary  to  use  a  sheet  of  mica  in  this  position ; 
a  perpendicular  tube  must,  however,  always  be  closed  by  a  sheet 
of  mica,  because  the  glass  invariably  cracks  in  this  case.  More- 
over, perpendicular  tubes  are  easily  covered  with  soot  which 
seldom  or  rarely  occurs  with  horizontal  tubes,  and  if  it  does 
occur,  the  glass  plate  can  easily  be  loosened  and  the  soot  re- 
moved. The  tubes  are  either  walled  into  the  door  or  special 
channels  are  left  in  the  kiln  wall  in  building  the  kiln,  or  a  hole 
is  drilled  through  the  kiln  wall  by  means  of  an  iron  gas-pipe. 

The  cones  must  not  stand  too  deep  in  the  kiln  because  they 
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are  then  hard  to  see  from  without  When  saggers  are  used  in 
burning,  the  cones  are  placed  into  a  sagger,  open  at  both  ends. 
Where  this  is  not  the  case,  a  special  flue  or  channel  must  be  con- 
structed to  make  them  visible.  The  cones  are  seen  much  more 
readily  if  this  channel  is  extended  some  distance  beyond  them. 

The  cones  always  incline  to  the  same  side,  that  side  on 
which  the  number  is  imprinted  generally  becoming  the  top  side. 
To  protect  them  from  falling  over  when  they  b^n  to  bend, 
they  are  fastened  to  a  fire-clay  tile.  They  are  unbumed  and 
made  hard  by  an  addition  of  mucilage.  If  they  are  moistened 
at  the  bottom,  and  rubbed  somewhat  on  a  moistened  fire-clay 
tile,  they  will  firmly  unite  with  the  latter  in  drying,  and  are  pre- 
vented from  falling  in  the  kiln. 

The  cones  are  considered  melted  when  the  bending  point 
touches  the  fire-clay  tile ;  this  instant  is  always  to  be  noted  care- 
fully, and  when  the  cone  is  correctly  placed  can  be  observed 
accurately. 

In  order  to  determine  what  cones  are  required  for  a  good 
bum,  it  is  necessary  to  set  a  whole  series  of  cones  in  the  kiln 
the  first  time,  so  as  to  note  to  what  cone  fusion  takes  place, 
observing  the  temperature  according  to  the  old  method ;  for  the 
maximum  and  minimum  temperature  the  number  of  the  cones 
can  be  easily  found.  When  this  has  once  been  determined  it 
is  only  necessary  to  insert  one,  or  at  most,  two  consecutive 
numbers. 

Thus,  for  example,  I  burned  the  Seger  porcelain  always 
with  only  three  cones  :  at  the  place  where  the  fire  enters,  with 
Nos.  9  and  10,  at  the  outlet  with  No.  8.  The  cone  No.  8  must 
have  gone  down  if  the  bum  is  to  be  finished ;  that  cone  No.  10 
should  likewise  go  down  is  not  necessary,  since  it  represents  the 
maximum  temperature. 

The  temperatures  which  are  used  in  practice  vary  exceed- 
ingly according  to  the  material  which  is  used  and  the  purpose 
of  the  burning ;  in  general,  however,  there  are  used :  For  easily 
fusible  clays  containing  lime  and  iron,  for  clinkers,  floor  tiles 
and  similar  products,  cones  up  to  No.  10;  for  stoneware  with 
salt  or  slip  glaze,  cones  No.  5  to  No.  10 ;  foi  white  ware,  in  the 
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biscuit  bum  Nos.  3  to  lo;  in  the  glaze  bum  up  to  No.  5;  for 
fireclay  ware,  Nos.  10  to  20;  for  porcelain,  Nos.  10  to  20;  for 
the  iron,  glass  and  water-gas  industries,  cones  up  to  No.  26 ;  for 
the  determination  of  the  refractoriness  of  clays,  cones  from 
No.  26  to  No.  36. 


B.    TREATISES  WHICH  RELATE  TO  SPECIAL 
BRANCHES  OF  THE  CLAY  INDUSTRY 


I.      ESSAYS  REFERRING  TO  BRICK  AND  TERRA 

GOTTA 


Theoretical  Gonsiderations  of  Drying  in  the  Open  Air  and  in 

Closed  Dryers 


Propbssok  Bdwa&d  O&Toir,  Jr.,  Translator 

The  question  of  drying  plants  by  means  of  which  it  is  pos- 
sible to  continue  manufacturing  even  in  winter  without  interrup- 
tion, or  at  least  without  too  heavy  an  expense,  has  ripened  com- 
munications and  discussions  in  regard  to  experiments  towards 
this  end  on  various  sides.  It  cannot,  however,  be  said  that  the 
problem  has  been  solved  even  in  a  partially  satisfactory  manner. 
There  have  not  only  been  constructed  drying  houses  which  are 
heated  by  kilns  contained  in  them,  that  is,  by  the  radiated  heat 
and  the  heat  escaping  from  the  cooling  chambers,  but  also  such 
which  are  provided  with  special  heating  arrangements  of  differ- 
ent systems.  Again,  there  have  been  constructed  special,  some- 
times very  ingenious,  dryers  which  are  based  upon  the  idea  to 
carry  on  the  drying  process  continuously,  as  it  is  done  in  the 
burning  of  continuous  kilns,  whose  operation  is  simultaneous 
with  the  working  of  the  machine  and  the  burning  of  the  kiln. 

For  drying,  as  will  be  proved  later  on  by  calculation,  a  very 
large  amount  of  heat  is  consumed,  which  is,  so  to  speak,  anni- 
hilated for  the  senses.  This  is  true  whether  the  drying  proceeds 
in  the  open  air  or  in  the  heated  rooms,  and  however  large  this 
theoretically  required  amount  of  heat  may  be.  Again,  in  dry* 
ing,  especially  when  it  is  carried  out,  as  the  material  demands, 
at  a  comparatively  low  temperature,  the  movement  of  large 
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quantities  of  air  is  necessary  in  order  to  remove  the  water  vapor 
formed.  But  the  constructors  of  the  difiFerent  drying  plants  have 
hardly  ever  accounted  for  the  various  factors  mentioned  above, 
making  but  little  use  of  the  material  offered  by  science.  In  most 
cases,  after  expensive  experiments,  they  have  arrived  at  the  con- 
clusion that  the  heating  arrangements  constructed,  were  capable 
of  producing  only  a  comparatively  small  part  of  the  intended 
effect.  Or,  in  places  where  the  heatii^  plant  is  so  constructed 
that  the  generation  of  heat  may  be  forced,  it  has  often  been 
found  that  the  cost  of  the  fuel  used  overbalances  the  advantage 
which  accrues  from  the  continuation  of  the  manufacture  during 
the  cold  season. 

Only  in  cases  where  dryers  have  been  constructed  above 
periodic  kilns  which,  after  burning,  give  off  a  large  amount  of 
heat,  stored  in  the  walls  and  in  the  ware,  is  it  possible  to  dry  as 
much  green  ware  by  means  of  this  waste  heat  as  is  necessary  for 
maintaining  the  capacity  of  the  works,  and  seemingly  without 
cost  The  attempt  to  solve  the  problem  of  operation  in  winter 
on  the  basis  of  this  principle  has  not  led  to  a  solution,  and  the 
claim  of  drying  without  expense  has  really  no  foundation,  since 
this  is  just  as  impossible  as  the  production  of  power  without 
expense ;  for  in  this  way  there  is  only  obtained  and  made  useful 
something  which  otherwise  would  uselessly  go  into  the  air,  and 
this  is  accomplished  in  a  somewhat  crude  manner ;  an  amount 
of  heat  is  used  in  an  unsuitable  way,  which  in  an  economically 
operating  kiln  would  not  need  to  be  generated  at  all.  Where 
special  heating  arrangements  are  constructed  for  winter  drying 
actual  results  with  artificial  dryers  have  been  obtained  only 
where  the  cost  of  fuel  is  so  low  that  a  larger  or  smaller  consump- 
tion does  not  change  the  cost  of  manufacture  too  much,  or  where 
other  sources  of  heat  are  available  for  which,  as  waste  heat,  no 
account  need  be  made. 

Though  the  consumption  of  heat,  in  the  construction  of  arti- 
ficial dryers,  or  what  is  the  same,  their  insufficient  capacity,  ap- 
peared to  many  unexpectedly,  yet  the  large  consumption  of  heat 
lies  in  the  nature  of  the  case.  There  has  been  a  tendency,  as  is 
shown  by  the  earlier  debates  on  this  subject  in  conventions,  to 
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attribute  this  fact  to  the  faulty  construction  of  the  drying  plant 
and  to  look  for  a  more  perfect  one.  Hence  the  problem  cannot 
be  solved  in  all  cases  with  a  certain  apparatus  even  the  most  per- 
fect one,  but  in  every  special  case  the  local  conditions  must  be 
taken  into  account  in  order  to  decide  the  question  whether  arti- 
ficial drying  is  advisable  and  economical  at  all,  or  whether  it 
would  not  be  more  economical  to  make  use  beforehand  of  the 
sun's  heat  available  during  the  summer  time. 

The  laws  of  physics  teach  us  that  every  fluid  body,  when  it 
takes  on  the  condition  of  a  gas  or  vapor,  requires  a  definite  quan- 
tity of  heat,  which  disappears  to  our  senses  and  to  the  thermom- 
eter with  the  completion  of  this  change  of  condition  and  which 
is  called  vapor  heat  or  '^  latent "  heat 

When,  for  instance,  one  heats  water  in  a  receptacle,  the  tem- 
perature increases  steadily  up  to  100^,  and  then  remains  con- 
stant, while  the  water  boils  or  the  vapor  rises  up  in  bubbles. 
The  steam  generated  also  retains  the  same  temperature. 

The  heat  applied  during  the  period  of  boiling  is  not  able  to 
raise  the  temperature  of  the  water  above  100^,  but  is  used 
exclusively  to  change  the  condition  of  the  water  to  a  gas,  and 
to  the  hiding  of  this  necessary  latent  heat  In  fact,  the  boiling 
ceases  at  once,  when  the  heat  is  removed.  The  heat  necessary 
for  this  transformation  is  now  a  perfectly  well  established  quan- 
tity, determined  in  the  case  of  the  more  important  volatile  liquids 
by  researches  of  the  greatest  nicety. 

Water  alone  is  of  interest  to  us  in  this  connection  and  the 
quantity  of  latent  heat,  plus  the  measurable  free  heat  of  the 
boiling  water,  amounts  to  610'  heat  units  or  calories,  that  is,  a 
quantity  of  heat  which  is  able  to  raise  610  kg.  of  water  from  o^ 
to  I®  is  needed  to  raise  i  kg.  of  water  from  0°  to  steam. 
But  the  changing  of  water  into  vapor  does  not  only  take  plac^ 
at  boiling  temperatures,  but  at  all  lower  ones  as  well ;  even  ice 
vaporizes,  but  at  all  temperatures  below  100^,  the  vapors  do  not 
rise  in  bubbles  but  are  evolved  slower  from  the  surface  of  the  liquid. 

We  call  this  slow  vaporization,  when  a  medium  must  be 
present  to  take  up  and  remove  the  vapor  as  formed,  evaporation. 

'  [636  according  to  the  latest  re8earche8.~E<l.] 
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In  evaporation  at  low  temperatures,  however,  as  has  been  proved 
by  researches  with  the  most  exact  instruments,  the  same  laws  as 
to  heat  consumption  hold  good  as  in  vaporizing,  and  though 
the  quantities  of  heat  established  by  science  vary  somewhat  for 
different  temperatures,  still  we  can  for  all  practical  purposes  call 
them  equal.  We  use  for  all  temperatures  the  number  given 
above,  6io  heat  units,  as  the  mean  of  the  results  found  by  many 
observers. 

When  water  evaporates  at  o^,  it  consumes  as  much  heat  as 
when  it  evaporates  at  loo^,  that  is,  6io  heat  units,  and  without 
the  consumption  of  this  heat,  evaporation  is  impossible. 

This  unalterable  relation  between  the  evaporated  water  and 
heat  units  determines  the  fundamental  law  for  the  consideration 
of  the  drying  process ;  but  it  is  not  the  only  factor  coming  into 
consideration.  As  described  above,  a  medium  is  necessary  for 
the  occurrence  of  evaporation,  which  will  carry  away  the  water 
vapor  as  formed  and  permit  the  formation  of  new  vapor* 

This  medium  is  air.  Its  ability  to  absorb  water  vapor  is 
limited  and  depends  on  its  temperature  and  on  its  tension  or 
pressure ;  but  since  we  find  the  last  expressed  by  the  barometer 
readings,  almost  constant,  we  are  practically  bound  only  by  the 
former,  or  temperature. 

If  air  can  expand  freely  during  its  absorption  of  water  vapor, 
it  is  able  to  take  up  at  a  given  temperature  such  a  quantity  of 
water,  that  its  tension,  plus  that  arising  from  the  water  vapor 
taken  up,  is  equal  to  the  tension  of  the  atmosphere  as  shown  by 
the  barometer. 

The  tension  of  water  vapor  has  been  determined  from  —30° 
on,  and  there  can  now  be  calculated  for  any  designated  tem- 
perature and  pressure,  the  maximum  quantity  of  water  the  air 
can  take  up.  In  the  following  table  by  Prof.  Magnus,  the  ten- 
sions of  water  vapor,  in  millimeters  of  a  mercury  column,  are 
given  for  the  temperatures  which  fall  inside  the  limits  of  our 
consideration : 
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TABU  I 

Tension  of  Aqubous  Vapor  According  to  Prop.  Magnus 


«>c. 

mm. 

OC. 

oc. 

0 

4.525 

II 

9.751 

22 

19.675 

I 

4.867 

12 

10.421 

23 

20.909 

2 

5.231 

13 

II. 130 

24 

22.211 

3 

5.619 

14 

11.882 

25 

23.582 

4 

6.032 

15 

12.677 

30 

31.602 

5 

6.471 

16 

13.519 

40 

54.969 

6 

6.939 

17 

14409 

50 

91.965 

7 

7.436 

18 

15.351 

60 

148.579 

8 

7.964 

19 

16.345 

70 

2^2.606 

9 

8.525 

20 

17.396 

80 

353.926 

10 

9.125 

21 

18.505 

100 

760.000 

The  quantity  of  water  vapor  which  dry  air  can  take  up  at 
any  given  temperature  with  an  average  tension  of  the  atmosphere, 
that  is,  760  mm.  barometric  reading,  is  equal  to  the  tension 
given  in  the  preceding  table  at  this  temperatute  divided  by  the 
tension  of  the  air.     For  example,  at  10^  it  is 

9.125  .      o    31.602 

of  its  volume ;  the  composition  of  the  air  saturated  with  mois- 
ture at  10^  is  9.135  volumes  of  water  vapor  plus  760  —  9.125  = 
750.875  volumes  of  dry  air,  iind  at  30®  it  is  equal  to  31.602  vol- 
umes of  water  vapor  plus  728.398  volumes  of  dry  air. 

These  examples  will  show  any  one  how  to  calculate  the 
carrying  power  of  air  for  water  vapor  for  any  given  tempera- 
ture without  difficulty. 

If  one  wishes  to  calculate  from  these  volumes  the  weight  of 
water  which  any  unit  of  air,  for  instance  a  cubic  meter,  can 
take  up  at  any  designated  temperature  the  following  formula,  an 
explanation  of  which  would  carry  me  too  far,  will  serve  to  give 
the  results. 

r  —  ^iOOQ»QQQ^    / 
^  ""    (I  +  «0    '  * 
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In  this  formula 

G  s  the  desired  maximnm  weight  of  water  vapor  in  grams  in 
a  cubic  meter, 

5"  =  the  specific  gravity  of  water  vapor,  at  o®  C,  and  760  mm. 

barometer.    (=  0.000806,  referred  to  water), 
/  =  temperature  of  air, 

a  =■  coefficient  of  expansion  of  gaseous  bodies  =  0.005665, 

p  =■  tension  of  water  vapor  at  the  temperature  /  (see  the  pre- 
ceding table.  No.  I), 

d  =  barometric  reading. 

Hence,  the  quantity  of  water  which  air  at  10°  and  760 
mm.  pressure,  could  take  up  would  be : 
1,000,000  X  0.000806    ^^   9.125 


X 


=  9-3  grams, 


(i  -f  0.003665  X  10)  760 

or  at  30^  and  760  mm.  barometric  reading, 

1,000,000  X  0.000806   .  .  31.602 

(I  +  0.00366s  X  30)    ^l/6S-  =  30.ag«n«. 

For  all  practical  purposes  the  barometer  reading  can  be 
taken  as  constant,  at  760  mm.  and  the  maximum  quantity  of 
water,  which  can  exist  in  a  cubic  meter  of  air,  calculated  by  the 
preceding  formula,  is  given  in  the  following  table,  for  the  tem- 
peratures in  question : 


TABLS  n 

Temperature. 

OC. 

Weight  of  water  in  nams 

per  cubic  meter  of  air. 

Grams. 

Temperature. 

per  cubic  meter  orair. 
Grama. 

0 

5.4 

40 

50.9 

5 

7.3 

50 

82.3 

10 

9.2 

60 

1 29. 1 

15 

12.8 

70 

195.3 

20 

17.3 

80 

290.2 

25 

22.5 

100 

589.5 

30 

30.2 

When  in  any  drying  apparatus  we  know  the  quantity  of 
water  to  be  removed  and  the  temperature  of  the  air  which  is 
laden  with  moisture,  the  quantities  of  air  escaping  through  the 
ventilating  devices,  be  they  chimneys  or  ventilators,  or  be  it  the 


I 
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movement  of  air  through  the  openings  and  due  to  the  penetra- 
bility of  the  enclosing  walls,  could  be  directly  calculated  from 
this  table,  and  the  intermediate  values  interpolated  with  the  help 
of  the  4bove  formula,  if  the  air,  when  it  comes  to  us  for  use,  were 
absolutely  free  from  water  vapor. 

In  fact  this  is  never  the  case ;  although  the  atmospheric  air 
seems  entirely  clear  and  transparent,  it  contains  still  considera- 
ble quantities  of  water  vapor,  since  it  stands  everjrwhere  in  con- 
tact with  water  areas  and  with  damp  earth  surfaces. 

A  clouding  of  the  air  is  noticeable  only  when  it  has  already 
taken  up  the  maximum  water  content  and  has  become  useless 
for  drjdng. 

Therefore,  if  its  capacity  for  drying  is  to  be  determined, 
the  quantity  of  its  water  vapor  must  be  considered.  If  air, 
which  contains  water  without  being  completely  saturated  by 
it,  is  cooled  down,  a  point  is  reached  when  the  maximum 
water  content  is  attained,  since  its  power  to  to  hold  water  vapor 
becomes  constantly  less  with  a  falling  temperature,  as  is  shown 
in  the  above  table. 

If  the  cooling  proceeds  below  this  point,  a  part  of  the  water 
vapor  must  be  separated  out  in  the  liquid  state,  and  this  happens 
according  to  the  quantity  of  the  separation  and  the  temperature, 
as  rain  or  snow,  clouds,  dew  or  frost  We  call  the  temperature 
at  which  the  air  attains  its  point  of  saturation  for  water  vapor, 
the  dew-point. 

Air  which  has  reached  this  point  of  saturation  is  unfit  to 
take  up  more  water  vapor,  unless  its  capacity  is  again  increased 
by  heating.  For  this  reason  foggy  air,  which  is  always  satura- 
ted, can  not  dry  even  with  the  strongest  motion. 

The  quantity  of  water  vapor  which  is  present  in  the  air  and 
which  influences  more  or  less  its  ability  to  act  as  a  drjdng  agent, 
is  dependent  on  climatic  conditions,  the  greater  or  smaller  dis- 
tance from  large  bodies  of  water,  the  direction  of  the  wind, 
temperature  of  earth  and  air,  the  season  of  the  year,  etc.  The 
quantity  of  water  vapor  or  its  degree  of  humidity,  is  determined 
by  the  hygrometer,  or  for  practical  purposes,  the  psychrometer. 

This  simple  instrument  consists  of  two  concordant  ordinary 
17 
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mercurial  thermometeis,  which  are  fixed  side  by  side  to  a  small 
board.  The  globe  of  the  one  is  closely  wrapped  with  muslin, 
which  is  laced  together  over  and  under  the  same  and  which  dips 
into  a  little  vessel  of  water,  so  that  the  bulb  is  always  kept  moist 
While  the  second  thermometer  indicates  merely  the  temperature 
of  the  air,  the  former,  with  the  constantly  moistened  bulb,  from 
which  evaporation  is  continually  taking  place,  always  is  in  con- 
tact with  a  saturated  atmosphere  and  shows  a  temperature  which 
lies  very  near  to  that  at  which  the  air  is  saturated  with  water 
vapor,  that  is,  the  dew'^point  For  instance,  if  the  dry  bulb  shows 
the  temperature  of  the  air  to  be  15^,  and  the  wet  bulb  shows 
the  dew-point  as  being  at  10^,  we  find  the  moisture  content 
of  the  air  as  follows : 

According  to  Table  I,  the  maximum  possible  water  vapor 

at   15®  (and   760  mm.   barometer)  =     '/_'  of  the  air  volume. 

The  water  vapor  actually  present  is  only  that  amount  which 

corresponds  to  the  saturation  at   10®  =  ^^-      ^^'^    relative 

ratio  of  the  two  thus  is  as  12.677  :  9.125  or  100  :  72.  We  say 
the  air  contains  72  per  cent  of  moisture,  that  is,  72  per  cent  of 
that  quantity  which  it  is  able  to  absorb  at  the  temperature  ob- 
served. The  absolute  quantity  of  water  which  the  air  may  still 
take  up  is  calculated  by  the  formula  given  above,  or  Table  II, 
which  has  been  deduced  from  it 

Water  vapor. 
Gxmma. 

I  cubic  meter  of  air  at  15®  can  take  up  a  maximum  of  12.7 

According  to  the  position  of  the  dew-point  (10^)  it  contains       9.2 

Hence  it  is  capable  of  still  taking  up,  per  cubic  meter  3.5 

The  amount  of  water  which  the  air  contains  and  by  which 
the  further  power  of  absorption  of  moisture  is  determined,  is 
variable  according  to  local  conditions  and  the  time  of  the  year. 
As  an  average  of  the  systematic  and  extensive  observation  of 
many  years,  the  following  has  been  determined  for  Halle,  which 
shows  the  following  relative  humidity  for  the  different  months : 


January 

85.8 

May 

69.2 

September 

72.8 

February 

81.0 

June 

71.0 

October 

78.9 

March 

77.3 

July 

68.5 

November 

85.6 

April 

71.3 

August 

66.1 

December 

86.8 
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It  is  seen  from  this  that  in  the  summer  months  at  most 
about  one-third,  and  in  the  winter  months  about  one-eighth,  of 
that  quantity  of  water  can  be  absorbed  by  the  atmospheric  air, 
which  could  be  taken  up  at  the  average  temperature  of  the  sep- 
arate months,  since  over  two-thirds  and  seven-eighths  of  the  quan- 
tity of  water  is  already  present. 


After  this  introduction  to  the  scientific  foundation  of  the 
drying  process,  let  us  consider  the  latter  under  definite  condi- 
tions whose  values  we  can  determine,  taking  up  first  the  drying 
in  the  open  air. 

According  to  the  investigations  which  have  been  carried  on 
with  brick  materials  by  members  of  the  Association,  and  which 
have  been  made  with  brick  machines  of  the  systems  most  widely 
distributed  in  Germany,  such  as  the  Schlickeysen,  Sachsenberg, 
and  Hertel,  the  moisture  content  of  freshly  molded  bricks  amounts 
on  the  average  of  twenty-five  machines  to  24.9  per  cent  of  the 
dry  weight  of  the  clay. 

Of  the  water  content  there  remains  in  the  clay  in  the  form 
of  hygroscopic  water,  which  is  not  evaporated  at  ordinary  tem- 
peratures, and  which  is  only  driven  out  at  the  somewhat  higher 
temperatures  of  the  water-«moking  process  in  the  kiln,  in  the 
same  materials,  an  average  of  3.4  per  cent.  There  is,  therefore, 
water  to  the  amount  of  about  22  >^  per  cent  of  the  weight  of  the 
dried  clay  to  be  evaporated. 

If  we  take  the  dry  weight  of  1000  unburnt  bricks  to  be 
about  3500  kg.,  we  can  calculate  that,  from  the  1000  bricks,  there 
will  be,  on  the  average,  about  788  kg.  of  water  evaporated  in 
order  to  obtain  bone-dry  brick. 

The  amount  of  heat  which  is  absolutely  necessary  for  this 
evaporation  and  without  whose  assistance  no  drying  whatever 
could  take  place,  amounts  to  788  kg.  X  610  H.  U.  (heat  units) 
=  480,680  H.  U.  according  to  the  preceding  statements. 

In  order^^  to  produce  this  quantity  of  heat  with  fuel,  since 
coal  generates  on  the  average  about  7500  H.  U.  pn  combustion, 

there  are  required  ^— ^ —  =  64  kg.,  theoretically,  and  practi- 
cally a  considerably  greater  quantity  of  heat 
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We  must  now  inquire  into  the  source  of  the  heat  units 
necessary  for  the  evaporation  of  the  water  in  the  open  air. 

It  will  have  struck  every  brickmaker,  when  he  steps  be- 
tween the  racks  of  a  drying  shed  or  into  the  storehouse  in  which 
the  not  wholly  dried  bricks  are  packed,  that  a  very  refreshing 
coolness  meets  him,  but  also  that  cool  air  is  not  met  between 
the  drying  racks,  if  the  bricks  therein  are  already  well  air-dried. 

It  will  also  have  occurred  to  him  that  a  noticeable  differ- 
ence in  temperature  cannot  be  detected  in  rainy  weather,  by 
which  the  drying  process  is  entirely  stopped.  In  fact,  a  strongly 
marked  cooling  which  damp  bodies  experience,  is  always  a  sign 
that  evaporation  is  going  forward  actively,  and  it  is  known  that 
by  accelerating  evaporation,  even  in  summer,  quite  low  temper- 
atures may  be  produced.  However,  this  is  possible  only  up  to 
a  certain  point,  and  this  is  determined  by  the  dew-point  of  the 
air  whose  office  it  is  to  take  up  the  water  vapors.  When  this 
point  is  reached  the  air  can  in  no  case  take  up  any  more  water 
vapor. 

The  intensity  of  evaporation,  that  is,  the  quantity  of  water 
vapor  taken  up  by  the  air,  stands  in  a  definite,  unchangeable  re- 
lation to  the  decrease  in  temperature  experienced  by  it  so  that 
an  equivalent  can  be  determined  between  the  loss  of  heat  which 
it  suffers  and  the  quantity  of  water  which  is  taken  up. 

Since  a  continual  change  of  air  between  the  inside  of  the 
drying  plant  and  the  outside  air  takes  place,  it  is  clear  that  the 
heat  which  the  air  loses  in  the  drying  racks,  is  to  be  r^rarded 
as  that  source  of  heat  which  is  consumed  as  latent  heat  for  the 
evaporation  of  the  water.  It  is,  therefore,  the  air  itself  directly 
and  the  heat  of  the  sun  indirectly,  which  is  the  source  of  the 
heat,  that  is  consumed  as  latent  heat  in  drjdng.  The  average 
summer  temperature  in  Berlin  is  17®.  The  amount  of  heat, 
which  I  cubic  meter  of  atmospheric  air  contains  at  17°,  is 
equal  to  5.542  H.  U.,  or  for  every  degree  the  air  is  cooled,  it 

loses  ^  =  0.326  H.  U. 
17 

If  G,  the  weight  of  a  cubic  meter  of  air  at  0°  and  760 
mm.  pressure,  =  1.299  kg.,  w^  the  specific  heat  of  air,  =  0.2669, 
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/,  the  temperature  of  the  air,  and  a,  the  coefficient  of  expansion 
of  air  =  0.003665,  then  the  quantity  of  heat 

^tr  _  OXwXi_  1.299  X  0.2669  X  17 XT  TT 

W   =  ; ; TT—  =  -; ; y^ — rz 1  ^  5542  xl.    U. 

(I  +  a/)         (I  4-  0.003665  X  17) 
With  a  quantity  of  heat  of  0.326  H.  U.  it  is  possible  to  evapo- 
rate  '°^  ^J'^'^  gram  =  0.534   gram  of  water.      Hence,  for 

every  degree  centigrade  which  a  cubic  meter  of  air  is  cooled  on 
passing  through  the  dryer,  a  weight  of  0.534  gram  of  water  is 
the  equivalent ;  that  is,  when  0.534  gram  of  water  is  changed 
to  vapor  a  cubic  meter  of  air,  which  takes  up  this  steam  and 
carries  it  away,  loses  i  ^  in  temperature. 

The  quantity  of  heat,  which  is  carried  to  the  bricks  of  a 
drying  plant  by  the  circulation  of  air,  is  dependent,  on  the  one 
hand,  on  the  temperature  and  on  the  relative  water  content  of 
the  air,  and  on  the  other  hand,  on  the  velocity  of  the  air  current 
It  is  dependent  on  the  first,  because  the  air  is  so  much  the  more 
inclined  to  transfer  its  heat  to  water  vapor,  the  farther  it  is  re- 
moved from  the  point  of  saturation,  that  is,  the  farther  its  tem- 
perature is  removed  from  that  of  the  dew-point ;  on  the  second, 
because  the  air,  as  the  source  of  heat,  gives  up  the  necessary 
quantity  of  heat  with  increasing  rapidity  as  the  air  current  in- 
creases in  velocity. 

Let  us,  in  order  to  show  the  quantities  of  air  which  are 
necessary  in  drying  in  the  open  air  under  varying  conditions  of 
humidity,  take  the  air  temperature  to  be  17®,  the  dew-point  at 
10®,  and  the  air  current  to  have  such  a  velocity  that  it  is  not 
allowed  to  lose  all  of  the  available  7^,  but  that  by  its  movements 
through  the  drying  racks  it  gives  up  only  3°  of  its  temperature. 
Every  cubic  meter  will  then  take  up  for  these  3°  which  it  has  lost,  a 
water  content  of  3  X  0.534  =  x. 602  grams.  Since  the  quantity  of 
water  to  be  evaporated,  according  to  our  previous  assumption,  is 
equal  to  788  kg.  =  788000  grams  per  1000  bricks,  then  for  every 

thousand  bricks  which  are  in  the  racks  ^  ^     =  491885  cubic 

meters  of  air  must  be  carried  through  by  the  draft 

K  the  air  at  this  temperature  (17°)  were,  however,  near 
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its  point  of  saturation,  with  its  dew-point,  for  example,  at  i6^, 
and  the  air  '  without  reaching  this  point  could  in  consequence 
cool  off  only  about  0.5°,  the  quantity  of  air  necessary  for  giv- 
ing up  the  heat  and  taking  up  the  moisture  would  be  sixfold. 

It  is  said  that  for  brick-drying,  hot  weather  is  very  desira- 
ble, but  that  in  windy  weather,  the  drying  also  takes  place  rap- 
idly at  lower  temperatures. 

This  is  perfectly  true,  though  only  in  so  far  as  the  air  is 
not  wholly  saturated  with  moisture,  and  hence  is  not  entirely 
unfit  to  take  up  more  water  vapor,  unless  it  is  itself  first  heated 
considerably. 

A  mechanical  removal  of  particles  of  water,  which  are  not 
transformed  into  vapor  by  the  moving  air,  a  view  which  has 
been  brought  out  repeatedly  before  the  Association,  is  neither 
scientifically  possible  nor  borne  out  by  the  facts. 

Whether  the  air  is  originally  at  17°  or  only  at  10°,  is 
immaterial  for  the  drying,  if  the  dew-point  lies  so  far  below  this 
temperature  that  the  air  in  every  case  can  give  up  an  equal  quantity 
of  heat,  without  reaching  the  point  of  saturation  by  this  cooling. 

Since  the  quantity  of  heat,  which  the  air  receives  from  the 
inexhaustible  source  of  the  sun  and  which  it  can  give  up  for 
evaporation  according  to  the  proportion  of  the  possible  and  the 
actually  present  moisture  at  the  temperature  given,  is  always  a 
small  amount,  and  since  the  loss  of  heat  is  scarcely  noticeable 
to  the  senses  and  under  the  most  favorable  circumstances  does 
not  amount  to  more  than  a  few  degrees,  therefore  the  quantity 
of  air  required  on  drying  in  the  open  air  is  under  all  conditions 
very  large  and  the  prime  mover  of  the  drying  process  in  open 
air  is  to  be  found  in  the  rapidity  of  the  circulation. 

But  the  conditions  are  somewhat  different  in  drying  in  closed 
chambers.  Here  the  exclusive  source  of  the  heat  consumed  by 
the  process  of  evaporation  is  not  the  air  brought  in,  but  is  some 
artificial  source,  and  to  the  heat  consumption,  which  is  required 
to  replace  the  heat  becoming  latent,  there  must  be  added  another, 
due  to  the  fact  that  not  only  the  air  laden  with  moisture,  but 
also  the  dried  bricks,  possess  a  higher  temperature  than  the  air 
and  bricks  which  are  conveyed  into  the  dr>dng  chamber. 
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If  we  take,  for  example,  the  moisture-laden  air  of  a  drying 
chamber,  which  is  removed  by  some  method  of  ventilation  at  a 
temperature  of  20^,  while  it  enters  at  a  temperature  of  4.5°  (the 
average  temperature  of  the  six  winter  and  spring  months  at  Ber- 
lin), the  quantity  of  heat  which  is  taken  out  by  the  air,  with- 
out being  used  in  the  drying  itself,  can  be  calculated  to  be 
4.89  heat  units  for  every  cubic  meter,  and  the  quantity  of  heat 
which  is  necessary  to  heat  up  1000  bricks  also  from  4.5^  C.  to 
20^,  to  be  1 1850  heat  units. 

A  cubic  meter  of  air  at  20°  contains,  when  saturated  with 

water  vapor  at  760  mm.  barometric  pressure  (Table  I),     r^    water 

vapor,  and  - — ~Z^        =  ^^^60  ^  ~  0.974  cubic  meter  of  dry  air. 
The  quantity  of  heat  according  to  the  formula  : 
jtf  -s  ^ — ; — ^ —  for  I  cubic  meter  of  dry  air,  or 

w^  ==  —, — -- — ^  X  0.974  for  I  cubic  meter  of  moist  air  at  20®,  or 

1.299  X  0.2669  X  20    _  .  r     1.    4.      .^ 

—         ^^  ^  X  0.974  =  631  heat  units. 


(I  -f  0.003665  X  20) 

The  above  0.974  cubic  meter  of  air  at  20^,  on  entering  the 
dryer  at  an  atmospheric  temperature  of  4.5°,  that  is,  with  a 
temperature  diflFerence  of  15.5°,   has   occupied  a  volume    of 

-7 — ; ^'^J^  ^ r-   =  0.914  cubic  meter,  or  saturated  with 

(I  +  0.003665  X  15.5)  ^ 

vapor  at  4.5*^ : 

0.914  X    J^^      =2:914  =  o.9«  cubic  meter. 

^    ^  760  —   6.25  0.991  ^ 

The  heat  capacity  of  this  amount  of  air  at  4.5^  is 

1.299  X  0.2669  X  4.5  v^  t.    4.      •-. 

.     , j^  /?     ,v  X  0.922  =  1.42  heat  units. 

(I  4-  0.003665  X  4.5) 

The  difference  of  the  two,  6.3X  —  1.42,  gives  the  heat  carried 
out  of  the  dryer  at  20®  =  4.89  heat  units. 

If  3500  kg.  is  the  weight  of  1000  bricks,  0.2  the  specific  heat 
of  the  clay  and  15.5*^  the  temperature  difference,  then  the  quan- 
tity of  heat  is  35000  X  0.2  X  15.5°  =  11850  heat  units. 

Although  the  absolute  quantity  of  moisture,  which  the  air 
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contains  in  winter,  when  artificial  drying  has  its  only  applica- 
tion, is  considerably  less  than  in  the  summer,  and  the  former 
becomes,  after  being  heated,  much  more  able  to  absorb  water 
vapor  than  that  which  is  present  at  the  same  temperature  in  the 
summer;  still  the  quantity  of  air  is,  in  this  case,  a  very  laige  one, 
although  it  does  not  become  equal  to  that  necessary  for  drying 
in  the  open  air. 

If  we  assume  that  in  winter  and  spring  in  artificial  drying 
plants  the  air  is  taken  in  at  an  average  temperature  of  4.5^, 
and  that  its  content  of  moisture  amounts,  in  the  average  of  the 
observations,  to  80  per  cent,  then  the  quantity  of  water  which 
I  cubic  meter  already  contains  is  6.25  X  0.80  =  5.00  grams. 
(Calculated  from  Table  I.)  The  same  air  heated  to  10°,  by 
which  it  expands,  would  contain  in  i  cubic  meter  4.9  grams,  at 
ao°,  4.7  grams,  at  30^,  4. 5  grams,  and  at  40^,  4.4  grams  of  mois- 
ture. 

The  volume  of  air  after  being  heated  is  calculated  from  the 
formula 

V^vx  (i+a  [/-/,]), 
in  which 

V  =  the  original  volume, 

t/  =  the  voltune  after  expansion, 
a  =  the  coefficient  of  expansion  =s  0.003665, 
/— /,  3=  the  temperature  difference. 

Since  the  quantity  of  moisture  remains  unchanged,  it  de- 
creases, referred  to  the  cubic  meter,  in  the  measure  in  which  the 
volume  increases  on  expansion ;  there  is  thus  obtained : 

in  which  G  =  the  weight  of  water  before  expansion  and  G,  = 
the  weight  of  water  after  expansion. 

On  deducting  the  above  quantities  of  moisture  from  those 
which  I  cubic  meter  of  air  can  contain  as  a  maximum  at  the  des- 
ignated temperature  (see  Table  I),  there  is  obtained  the  quantity 
of  water  which  the  air  has  abstracted  from  the  drying  brick, 
assuming  that  the  air  when  conducted  from  the  drying  appa- 
ratus is  fully  saturated  with  moisture,  and  this  amounts  to : 
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TABU  m 

At  10**  =  9.2  —  4.9  =     4.3  grams, 

At  ao**  =  17.3  —  4.7  =    12.6  grams, 

At  30**  =  30.2  —  4.5  =    25.7  grams, 

At  40®  =  50.9  —  4.4  =    46.5  grams, 

At  50**  =  82.3  —  4.2  =    78.1  grams, 

At  60**  =  129.1  —  4.1  =  125.0  grams, 

At  70**  =  195.3  —  3.9  =  191. 4  grams. 

At  80**  =  290.2  —  3.8  =  286.4  grams, 

for  every  cubic  meter  of  moist  air. 

Now  in  order  to  take  up  and  carry  away  in  the  form  of 
vapor  in  the  air  the  water  content  of  1000  bricks,  amounting 
to  788  kg.  or  788000  grams,  there  would  be  necessary : 

At  io«.78?22?=x832S6  cubic  metets. 

At  20**,  - — 2-  =    60952  cubic  meters. 
12.6  ^^ 

At  30».  Z8822?  =    30661  cubic  met«B. 
25-7 

At  40**,  ?-2 —  =    16946  cubic  meters. 
46.5 

At  50®,  '—=. —  =    10090  cubic  meters. 
At  6o«,  2?522?  =     6304  cubic  meter,. 

125.0 

At  70®,  '- =      41 1 7  cubic  meters. 

191.4 

At8oo,Z^=      ^751  cubic  meters. 

It  is  seen  that  the  volume  of  air  which  is  able  to  carry  out 
the  water  vapor  from  a  drying  plant,  decreases  very  rapidly 
with  the  increase  of  temperature,  but  that  it  remains  a  consider^ 
able  quantity  even  at  moderately  high  temperatures. 

As  has  already  been  stated,  the  heat  in  artificial  dryers 
is  not  wholly  confined  to  the  heat  consumption  due  to  the  change 
of  state  of  water  (latent  heat,  that  which  is  used  up  in  the 
evaporation  of  the  water)  but  that  another  consumption  of  heat 
is  tied  up  with  it,  from  the  fact  that  the  air  laden  with  moisture 
must  be  taken  out  at  a  higher  temperature  than  it  possessed  be> 
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fore,  and  also  that  the  dried  bricks  themselves  assume  the  same 
temperature. 

If  we  take  these  factors  into  consideration,  then,  for  exam- 
ple, the  total  consumption  of  heat,  if  the  moist  air  is  carried  out 
at  20^,  is  as  follows : 

As  calculated,  the  quantity  of  heat  which  i  cubic  meter  of 
air  takes  up  when  heated  from  4.5^  to  20^,  amounts  to 
4.89  heat  units.  At  this  temperature,  as  above  shown,  the  vol- 
ume of  air  necessary  for  the  absorption  and  carrying  off  of  the 
water  vapor  from  1000  bricks  (788  kg.)  is  60952  cubic  meters ; 
the  heat  carried  off  by  this  quantity  of  air  amounts  to  60952  X 
4.80  =:]]298o55  heat  units.  The  latent  heat  of  788  kg.  water 
vapor  amounts  to  788  X  610  =  480680  heat  units. 

The  heat  requited  for  wanning  the  cky  is  ^^  heat  units 

TOO  cSc 

corresponding  together  to  a  total  consumption  of       *       =  105 

kg.  of  coal  (in  round  numbers)  per  1000  bricks. 

In  practice  in  consequence  of  the  unavoidable  losses  of  heat 
this  theoretical  consumption  of  coal  is  largely  exceeded. 

It  is  seen  that  the  consumption  of  coal  in  itself  is  not  so 
great  that  on  this  account  the  construction  of  drying  plants 
should  not  be  feasible,  provided  that  in  the  construction  of  the 
same,  sufficient  care  is  taken  that  the  losses  of  heat  are  reduced 
as  much  as  possible. 

This,  however,  is  always  very  difficult ;  but  it  seems  still 
more  difficult  to  produce  the  flow  of  air  which  is  needed,  as 
deduced  from  the  preceding  calculations  in  order  to  carry  out 
the  water  vapors  formed  at  comparatively  low  temperatures. 

In  drying  in  the  open  air  the  wind  does  this  sufficiently,  but 
in  closed  chambers  this  condition  does  not  exist,  and  the  air  must 
be  supplied  by  some  ventilating  device  such  as  a  chimney  or 
blower,  and  it  seems  that  this  is  the  sore  point  of  the  winter 
drying  apparatus  constructed  so  far. 

If  one  expects  to  be  able  to  produce  the  required  ventilation 
simply  through  openings  in  the  roof  of  the  drying  chamber, 
through  which  the  large  quantities  of  air  can  escape,  he  will  run 
in  danger  of  allowing  a  great  quantity  of  air  to  escape,  which 
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has  not  yet  been  saturated  with  moisture ;  such  a  ventilating  de- 
vice will  be  influenced  by  the  circulation  of  air  on  the  outside 
in  a  very  disturbing  manner.  One  can  depend  on  being  able  to 
dry  large  quantities  of  ware  in  such  a  room  only  when  very  con- 
siderable quantities  of  heat,  otherwise  unused,  are  at  his  service 
as  is  the  case,  for  example,  when  the  dryer  is  located  over  a  peri- 
odic kiln  or  a  Mendheim  gas  kiln. 

Where,  however,  separate  heating  devices  must  be  applied 
for  supplying  heat  to  the  dryer,  a  controllable  means  of  ventila- 
tion must  be  provided,  if  one  does  not  wish  to  run  the  danger  of 
consuming  excessive  quantities  of  coal. 

If  we  compare  the  air  volumes  found  above,  with  those, 
which  a  continuous  kiln  would  use  for  the  burning  of  a  similar 
quantity  of  brick,  in  order  to  obtain  a  basis  as  to  what  may  be 
expected  of  the  ventilation  produced  by  a  chimney,  it  will  be 
seen  that  only  about  3100  cubic  meters  of  air  at  40°  are  required, 
assuming  that  for  the  burning  200  kg.  of  coal  are  used,  that  a 
quantity  of  air  double  the  theoretical  amount  needed  in  burning, 
is  admitted  to  the  fire,  and  that  the  products  of  combustion  reach 
the  stack  at  a  temperature  of  40®.  It  thus  becomes  evident 
that  the  quantity  of  air  which  is  required  for  drying  is  very  much 
greater  than  that  necessary  for  burning  an  equal  quantity  of 
brick,  and  that  the  quantity  of  air  to  be  moved  through  the 
chimney  in  burning  amounts  to  only  V^  of  the  air  needed  at  a 
drjring  temperature  of  40°,  V,o  ^^  30°,  V^o  ^^  20°,  and  only  de- 
creases so  that  it  corresponds  to  the  delivering  capacity  of  a 
chimney  of  not  excessive  dimensions  between  the  temperatures 
of  70*^  and  80°. 

In  order  to  make  clear  the  meaning  of  the  accompanying 
table  of  the  theoretical  quantities  of  air  necessary  for  drying,  let 
us  assume  a  plant,  in  which  5000  full  sized  bricks  are  daily  burned 
in  a  continuous  kiln ;  for  such  a  plant,  as  has  been  sufficiently 
proved  by  practice,  a  chimney  would  be  used,  for  obtaining  draft, 
of  a  height  of  25  meters  and  with  a  clear  opening  of  0.8  meter 
at  the  top.  There  would  also  have  to  be  erected  a  chimney  for 
the  drying  plant,  with  a  capacity  corresponding  to  that  of 
the  kiln,  5000  bricks  per  day,  whose  purpose  would  be  to  venti- 
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late  the  diying  chamber.  The  drying  plant  is  assumed  to  be 
the  most  perfect  of  which  we  can  conceive,  and  the  quantity  of  air 
and  coal  used  in  it  are  assumed  to  be  equal  to  the  theoretical 
consumption. 

If  now  we  calculate  the  capacity  of  such  a  chimney'  we  will 
find,  that  it  can  carry  off  the  following  volumes  of  air: 

Outside  temperature  4.5®. 


Inside  tempeimtnre. 

Per  miaute. 

Per  dAT  (14  taoort) 
Cslac  ncten. 

•c. 

CBbicmctcn. 

20 

30.S 

43920 

30 

38.4 

55440 

40 

45.9 

66096 

50 

52.3 

75212 

60 

59.6 

85824 

70 

64.8 

933" 

80 

69.55 

100080 

The  two  tables  dealing  with  the  quantities  of  air  which  are 
necessary  at  different  temperatures  in  order  to  take  up  and  carry 
out  the  water  vapors  which  are  set  free  as  well  as  that  which 
gives  the  capacity  of  a  chimney,  are  most  important  for  our  con- 
sideration. They  show  that  one  can  expect  to  remove  only 
the  quantities  of  water  vapor  by  means  of  a  chimney  when  the 
drying  is  carried  on  at  a  tolerably  high  temperature  with  a  mini- 
mum of  40^ ;  chimneys  of  very  abnormal  dimensions  would  be 
required  for  lower  temperatures,  or  one  would  be  compelled  to 
make  use  of  an  exhauster,  which  again  corresponds  to  a  consid- 
erable expense  for  power  and  heat,  so  that  in  this  way  the  eco- 


>  That  is,  if 

/— /i  -« the  temperatnre  difference  between  the  shaft  of  the  chimney  and  the  out- 
side air, 
d «-  diameter  of  the  chimney  at  its  month, 
A  -.  the  heiffht, 
then  the  products  of  combustion  will  flow  from  the  chimney  with  a  velocity  of 

V  -  6fl8    /    (<-^i)  <<  ^  meters  per  minute, 

\  4.08  +  0,016  A  *^  ' 

and  the  quantity  of  air  per  minute  amounts  to 

V  -  li?  X  r  -  ?^^i^  X  JISH^  . 

4  4  \  4.08  d  +  0.016* 

or  in  twenty-four  hours 

71^X6.38X34X36X60^        /      (<— /|)  dA 


J      «-^i)  d 

Af  4.08  If  -f  0.016* 
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nomic  efficiency  of  winter  drying  appliances  would  be  destroyed. 

In  any  case,  it  is  seen  from  the  tables  that  the  artificial  dry- 
ing appliances  will  be  the  better  suited  to  attain  a  well-balanced 
capacity  coordinate  with  the  other  manipulations  of  a  factory, 
and  that  these  results  will  be  the  more  easily  achieved,  the 
higher  the  temperature  that  can  be  reached  in  them,  and  the 
warmer  the  air,  laden  with  moisture,  can  be  removed  from  them, 
because  the  difficulties  of  bringing  about  a  suitable  ventilation 
decrease  with  the  elevation  of  the  temperature. 

And  not  only  is  the  quantity  of  air  which  is  to  be  moved 
less,  but  also  the  consumption  of  heat  is  less,  the  warmer  the 
moist  air  can  be  drawn  from  the  dryer.  This  sounds  like  a  para- 
dox, but  it  is  nevertheless  completely  proved  to  be  true.  The 
relative  quantity  of  heat  which  the  air  carries  out  is,  of  course, 
always  greater  at  higher  temperatures,  since  it  increases  propor- 
tionately with  the  temperature,  but  the  absolute  quantity  of  heat 
in  the  air  is  considerably  greater  at  lower  temperatures,  because 
the  volumes  of  air  required  increase  in  a  very  mpidly  rising  ratio 
with  a  decrease  in  temperature. 

To  be  sure,  unintentional  losses  of  heat,  which  so  far  have 
been  left  out  of  our  consideration,  increase  with  a  higher  temper- 
ature in  the  drying  apparatus ;  still  it  seems  that  the  replacement 
of  lost  heat  is  much  easier  in  practice  than  the  operation  with 
insufficient  ventilation. 

Drying  at  low  temperatures,  not  exceeding  30^  at  the 
highest,  will  always  demand  large  dimensions  of  the  drying  room, 
which  usually  ought  to  be  used  for  other  working  purposes. 
Strange  as  it  may  seem,  in  the  practical  construction  of  such 
plants,  no  consideration  has  been  bestowed  upon  the  ventilation, 
in  spite  of  the  fact  that  theory  insists  on  the  most  extensive  use 
of  ventilation,  and  it  is  left  generally  to  the  porosity  of  the  walls 
and  to  unavoidable  leaks  to  supply  a  very  small  part  of  the 
necessary  change  of  air.  It  is  even  customary  to  prevent  the 
penetration  of  every  cold  draft,  because  it  is  feared  that  the  little 
heat  evolved  may  be  lost ;  this  heat  scarcely  suffices  to  maintain  a 
somewhat  endurable  temperature  of  the  air,  but  does  not  suffice, 
by  far,  to  furnish  the  heat  for  the  evaporation  of  any  considerable 
quantity  of  water. 
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One  should  never  forget  that  the  theoretical  consumption 
of  heat,  which  for  ordinary  conditions  is  to  be  considered  as  the 
minimum  consumption  of  fuel,  amounts  to  two-thirds  of  that 
which  suffices  in  a  well  constructed  continuous  kiln  for  the  com- 
plete burning  of  the  ware,  and  that  the  actual  amounts  used  will 
in  most  cases  either  equal  or  exceed  this  amount 

The  heating  of  the  drying  chamber  must  therefore  be  car- 
ried so  high,  that,  in  spite  of  the  strong  ventilation,  a  very  no- 
ticeable heating  of  the  air  will  take  place,  if  a  winter  drying 
plant  is  to  dry  a  quantity  of  brick  worth  mentioning;  and  where 
this  heat  consumption,  combined  with  the  necessary  air  circula- 
tion, is  not  present,  the  capacity  will  always  be  small.  In  fact, 
in  the  majority  of  winter  drying  plants  it  can  be  observed  that  the 
brick,  placed  in  the  artificially  heated  dryers,  furnish  only  a  very 
small  part  of  the  dry  ware  which  is  required  by  a  continuous 
kiln  in  regular  operation. 

Drying  plants,  which  permit  of  working  with  higher  tem- 
peratures, never  exceeding  ioo°,  however  much  they  have 
met  with  scientific  approval,  have  so  far  been  exploited  but  very 
little  and  have  for  the  first  time  demanded  the  attention  of  the 
public  only  during  the  last  few  years.  Concerning  the  results 
of  the  constructions  of  this  class,  due  to  Weigelin,  Ruehne  and 
Bock,  little  or  nothing  is  known  at  this  time. 

The  drying  at  a  high  temperature  will  naturally  always 
lead  to  compact  apparatus  and  shorter  time  of  drying,  that  is, 
a  more  rapid  drying,  and  in  this  connection  the  question 
will  always  demand  consideration  as  to  whether  the  nature  of 
the  brick  material  permits  rapid  drying.  Possibly  the  diffi- 
culties in  this  respect  are  greater  than  is  generally  believed. 

The  construction  of  drying  plants  is  at  this  time  a  somewhat 
strongly  cultivated  field,  but  it  can  not  be  claimed  that  the  ma- 
jority of  the  systems  carried  out  indicate  that  the  constructors 
are  fully  cognizant  of  the  natural  laws  which  are  to  be  consid- 
ered, and  that  they  have  given  them  due  consideration. 

The  preceding  considerations  are  intended,  without  critici- 
zing any  of  the  different  systems  in  use,  only  to  test  the  plants 
already  in   existence  as  to  their  value,  and  in  new  plants  to 
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It  is  the  purpose  of  all  artificial  drying  arrangements  to 
make  the  brick  industry,  as  well  as  all  other  industries  requiring 
extensive  drying  operations,  independent  of  the  slow  method  of 
drying  in  the  air  with  the  help  of  the  sun's  heat,  replacing  it  by 
an  artificial  but  more  energetic  source  of  heat  In  this  way  the 
difficulties  offered  by  a  change  in  the  temperature  and  humidity 
of  the  air  or  unfavorable  climatic  conditions  are  removed. 

Supposing  that  there  is  an  apparatus  which  is  capable  of 
removing  the  water  to  be  evaporated  in  drying  with  the  smallest 
possible  quantity  of  fuel  required,  there  remains  the  question  to  be 
answered:  Can  artificial  and  rapid  drying  be  so  carried  on  under 
these  most  favorable  conditions,  that  it  will  adapt  itself  to  the 
peculiarities  of  the  material  and  the  requirements  of  the  entire 
manufacture? 

This  question,  when  dealing  with  clay,  cannot  be  answered 
with  an  unconditional '  yes'. 

In  an  earlier  chapter  I  have  treated  the  drying  in  open 
air  and  in  closed  spaces,  and  have  developed  in  a  purely  theo- 
retical manner  the  requirements  which  must  be  complied  with 
by  artificial  dryers  if  the  drying  is  to  take  place  with  such  a  con- 
sumption of  fuel  that  the  artificial  process  may  compete  success- 
fully with  the  irregular  but  expenseless  source  of  heat,  the  sun. 
Up  to  the  present  the  brick  industry  does  not  possess  such  a  dryer. 
I  have  proved  in  the  essay  referred  to  that  the  most  favor- 
able conditions  for  artificial  drying  are  produced  when  it  takes 
place  as  rapidly  as  possible,  that  is,  at  as  high  a  tempera- 
ture as  possible  and  with  a  rapid  change  of  air.  But  these  re- 
quirements are  so  directly  opposed  to  the  properties  of  most  ma- 
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terials  used  in  the  clay  industry  that  the  one  prominent  point  of 
view  appearing  in  connection  with  this  dryer,  drying  with  the 
minimum  consumption  of  heat,  cannot  be  considered  the  only 
determining  one. 

If  artificial  drying  is  thus  required  to  be  a  rapid  process — 
and  all  constructions  which  have  so  far  appeared  depend  upon 
rapid  drying,  since  only  through  this  can  the  artificial  method 
compete  with  drying  in  the  open  air — still  it  is  in  contradiction, 
as  a  whole,  to  the  nature  of  clay  and  the  brickmaker  knows  only 
too  well  from  experience  that  too  rapid  drying  by  the  sun's  heat 
and  strong  wind,  is  liable  to  do  more  damage  than  frost,  against 
which  a  well  arranged  artificial  dryer  is,  of  course,  ample  pro- 
tection. 

For  this  reason,  the  attempt  to  simplify  the  manufacture  of 
brick  by  accomplishing  the  drying  by  artificial  means  in  one  or 
two  days,  which  in  the  open  air  under  the  most  favorable  cir- 
cumstances requires  fourteen  days,  but  mostly  much  longer  and, 
at  least  with  most  clays,  cannot  be  shortened  without  injury  to 
the  ware,  seems  unjustifiable  to  me.  There  may  be  materials 
here  and  there  which  can  be  subjected  to  this  treatment  without 
special  injury,  but  these  are  rare  cases,  and  as  a  rule,  the  im- 
possiblity  of  such  a  shortening  of  time  will  be  realized  only  too 
soon. 

In  regard  to  the  shape  of  the  Bock  dryer  there  may  be  said 
that  externally  it  corresponds  to  that  of  the  tunnel  kiln  and  many 
of  the  details  are  borrowed  from  the  latter,  although  the  interior 
arrangement  corresponding  to  the  purpose  of  the  apparatus 
shows  several  essential  differences.  The  dryer  consists  of  a  long 
straight  tunnel,  oblong  in  section,  which,  as  in  the  tunnel  kiln, 
serves  for  the  reception  of  a  train  of  cars,  each  of  the  latter  being 
provided  with  racks  for  hacking  the  brick  to  be  dried.  The  cars, 
loaded  with  fresh  brick  from  the  machine,  are  pushed  into  the 
tunnel  at  the  stack  end,  as  with  the  tunnel  kiln,  and  are  removed 
at  the  opposite  end  with  the  dried  brick.  The  movement  of  the 
cars  is  accomplished  by  any  power  device  which  in  this  case 
need  be  less  powerful  than  in  the  tunnel  kiln  since,  owing  to  the 
low  temperature,  no  sand  troughs  being  required  for  separating  the 
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wheels  from  the  burning  space  proper,  and  since  also  lubrica- 
tion is  permissible.  The  floor  of  the  drying  tunnel  consists  of 
iron  plates  upon  which  rest  the  rails,  and  which  at  the  same 
time  form  the  covering  of  the  heating  flue  constructed  beneath 
the  tunnel.  The  ftirnace,  by  means  of  which  the  dryer  is  heated, 
is  located  at  the  end  opposite  the  stack  end  and  consists  of  a 
grate  furnace,  adapted  to  the  fuel  used,  or  a  gas  generator.  The 
furnace  space  is  arched  over  with  fire-brick  for  a  short  distance ; 
after  passing  through  this  part  the  fire  gases  flow  along  beneath 
the  iron  plates  mentioned,  and  after  passing  through  the  entire 
length  of  the  dryer  are  drawn  into  the  stack,  the  gases  having 
been  cooled  down  considerably.  In  this  way  the  gases  do  not 
come  in  contact  with  the  ware  to  be  dried,  but  the  heat  genera- 
ted is  first  given  up  to  the  iron  plates  forming  the  floor  of  the 
drying  tunnel  which  transfer  it  to  the  brick  by  radiation.  With 
this  arrangement  the  temperature  at  the  stack  end  of  the  dryer 
is,  of  course,  the  lowest,  that  is,  at  the  place  where  the  fresh 
bricks  are  introduced.  The  movement  of  the  air  which  carries 
away  the  water  vapors  evolved  from  the  brick  in  the  tunnel  is 
opposite  in  direction  to  the  hot  air  flowing  away  from  the  fire. 
The  former  enters  at  the  end  of  the  tunnel  at  which  the  fresh 
bricks  are  carried  in,  taking  the  same  direction  as  the  train  of 
cars,  while  the  fire-gases  used  for  heating  flow  beneath  the  iron 
plates  of  the  floor  in  the  opposite  direction.  It  is  thus  made 
possible  that  the  air  in  its  course  through  the  dryer  may  pass 
through  continually  warmer  portions,  thus  preventing  the  water 
vapors  taken  up  from  being  condensed  again,  and  enabling 
the  air,  on  moving  through  the  higher  temperatures,  to  take 
up  and  carry  away  successively  a  larger  and  larger  quantity 
of  water.  When  the  air  has  reached  the  place  where  the 
temperature  of  the  floor  is  the  highest,  that  is,  above  the  fur- 
nace, it  has  assumed  the  highest  temperature  and  the  maximum 
water  content,  and  is  then  removed  from  the  drying  tunnel  proper. 
For  this  purpose  the  ceiling  of  the  tunnel  is  also  covered  with 
iron  plates,  and  at  some  distance  above  an  arch  is  built  so  that 
a  flue  is  produced  in  the  space  between  the  two.     This  flue  is 

connected,  on  the  one  hand,  with  the  interior  of  the  dryer  at  a 
18 
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place  above  the  furnace,  on  the  other  hand,  with  an  iron  pipe 
which  is  fastened  in  the  stack  concentric  with  the  latter  and  in- 
dependent of  it.  This  flue  carries  the  hot  air,  laden  with  water 
vapors,  to  the  stack  and  gives  it  an  opportunity  to  transfer  its 
sensible,  as  well  as  a  part  of  the  latent,  heat  oT  the  vapor,  by  con- 
densation to  water,  to  the  iron  plates  forming  the  bottom  of  the 
flue  and  the  ceiling  of  the  drying  tunnel,  this  heat  being  given 
off  to  the  bricks  by  radiation  from  above. 

The  removal  of  any  water  condensed  in  this  upper  flue  is 
accomplished  by  a  slight  inclination  of  the  iron  plates  and  a 
small  exit  pipe.  The  part  of  the  water  vapors  not  condensed 
and  removed  is  carried  up  by  the  air  into  the  stack.  The  dry- 
ing tunnel  extends  beyond  the  furnace  and  the  vent  hole  in  the 
ceiling  by  being  continued  without  the  upper  flue,  so  as  to  pro- 
vide an  opportunity  for  the  cooling  of  the  dried  and  hot  bricks, 
before  they  are  taken  from  the  tunnel.  The  two  ends  of  the 
tunnel  are  provided  with  doors  for  the  taking  in  and  removing 
of  the  cars  which,  as  in  the  case  of  the  tunnel  kiln,  takes  place 
at  short  intervals.  The  door  at  the  entrance  end  has  an  opening 
for  the  regulation  of  the  inflow  of  air. 

Although  this  arrangement  must  be  considered  as  the  one 
which  corresponds  best  to  the  requirements  of  theory  in  regard 
to  the  most  economic  use  of  heat,  more  than  any  other  artificial 
dryer  constructed  so  far,  yet  the  question  arises  whether  it  will 
be  adopted  even  in  only  a  few  cases.  Prom  the  practical  stand- 
point, considering  the  material  to  be  dried  brick  in  this  case, 
important  objections  may  be  raised.  It  appears  as  dangerous 
practice  to  shorten  the  time  of  drying  considerably,  especially 
with  machine-made  bricks  which  in  general  are  more  inclined 
to  crack  in  rapid  drying  than  hand-molded  brick. 

In  most  cases,  if  the  dryer  were  to  be  introduced  everywhere, 
which  is  the  aim  of  the  inventor,  it  might  happen  that  not  a 
single  brick  would  leave  it  without  being  cracked.  But  this  lies 
in  the  nature  of  clay.  If  clay  is  to  dry  without  change  of  shape, 
that  is,  without  cracking,  the  drying  of  the  outer  portions  must 
not  take  place  too  rapidly.  But  this  is  possible  only  when 
the  water  passing  away  from  the  surface  by  evaporation  is  re- 


THE  BOCK  TUNNEL  KII.N  275 

placed  from  the  interior  by  capillary  attraction.  This  replacing 
process,  however,  requires  a  definite,  and  with  some  clays  a  con- 
siderable, length  of  time,  and  if  this  time  is  not  allowed,  a  ten- 
sion is  produced  on  the  surface  by  a  greater  contraction  which 
is  bound  to  lead  to  warping  or  breaking  of  the  whole;  although 
with  some  clays  the  balancing  of  the  water  from  the  interior  to 
the  surface  is  more  rapid  so  that  they  are  not  injured  by  a  more 
rapid  drying  than  could  be  accomplished  in  the  open  air,  and 
that  hence  this  circumstance  need  not  be  considered  in  artificial 
drying,  still  there  is  danger  from  another  source.  The  transfer 
of  heat  to  the  bricks  to  be  dried  is  accomplished,  both  by 
direct  radiation  from  the  heated  iron  plates  forming  the 
floor  and  ceiling  of  the  drying  tunnel,  and  by  the  cur- 
rent of  air  which  has  been  heated  by  the  iron  plates.  Since  the 
radiation  of  heat  acts  first  upon  the  exterior  of  the  brick  set  on 
the  dryer  cars,  and  since  the  circulation  of  the  air  is  strongest 
along  the  walls  of  the  dryer  tunnel,  beneath  the  ceiling  and  along 
the  floor,  because  here  the  resistance  due  to  friction  is  less  than 
through  the  racks,  the  outside,  and  especially  the  upper  and 
lower  courses  of  brick,  will  be  heated  more  rapidly  than  the  in- 
terior ones,  and  a  certain  length  of  time  will  always  be  required 
in  order  to  raise  the  brick  of  the  interior  to  the  temperature  pos- 
sessed by  the  outside  ones.  For  the  reason  that  the  drying  must 
take  place  comparatively  rapidly  if  it  is  to  be  advantageous  at 
all,  the  humidity  of  the  air  in  the  dryer  must  be  very  high,  since 
the  quantity  of  air  which  can  be  used  for  the  removal  of  the 
water  vapors  is  extremely  small  as  compared  with  the  quantity 
which  is  used  in  open-air  drying.  Hence,  even  the  slight  tem- 
perature differences  of  the  surfaces  of  the  outside  and  interior 
brick  are  liable  to  condense  the  water  vapors,  from  time  to  time, 
which  are  evolved  copiously  near  the  iron  heating  plates,  and 
will  thus  soften  or  crack  the  brick  in  the  interior  of  the  racks 
upon  which  condensation  took  place.  Whether  this  diflSculty 
can  be  removed  in  practice,  whether  or  not  other  troubles  will 
be  met  in  actual  operation,  and  again  whether  the  iron  heating 
plates  offer  sufficient  radiating  surface  for  conveying  the  quan- 
tity of  heat  required  for  drying  to  the  body  of  the  drying  tun- 
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nel  in  a  comparatively  short  time  without  raising  the  temperature 
too  high,  are  all  questions  concerning  which  practical  experience 
is  still  to  be  desired.  We  must  wait  till  the  latter  is  available ; 
only  then  will  it  be  possible  to  prove  whether  the  dryer  is  of 
practical  importance,  no  matter  how  plausible  are  the  theoreti- 
cal proofs  of  the  advantages  of  the  system.  On  the  other  hand, 
if  practical  experience  has  disclosed  faults  of  construction  it  is 
not  impossible  that  these  may  be  overcome  and  that  the  dryer 
may  be  made  a  valuable  adjunct  of  the  clay  industry. 

The  use  of  this  dryer  in  the  cement  industry  appears  much 
more  promising  since  it  is  founded  upon  such  favorable  theoreti- 
cal principles.  For  this  purpose  the  object  is  to  dry  bricks,  low 
in  clay,  which  contain  less  water,  and  also  have  a  tendency  to 
give  off  the  latter  more  easily  and  more  rapidly.  Furthermore, 
it  is  not  necessary  that  the  brick  should  retain  a  strictly 
regular  shape,  and  even  when  cracked  here  and  tliere  the  pieces 
are  still  fit  to  be  used  in  the  process  of  manufacture.  Such  a 
dryer  would  perhaps  prove  especially  useful  in  connection  with 
dry  presses  which,  of  late,  have  become  prominent  in  the  cement 
industry. 


Some  Theoretical  Considerations  of  the  Water-Smoking  Process 

in  Continuous  Kilns 


Prof.  Bdwaxd  Oktoh,  Jk.,  TRAitSLATOB. 

The  last  annual  convention  of  the  German  Association  for 
the  Manufacture  of  Brick,  Claywares,  Lime  and  Cement,  brought 
out  a  general  and  extended  discussion  of  the  water-smoking  in 
continuous  kilns.  Not  only  were  some  communications  made 
concerning  the  practical  management  of  the  water-smoking  flues, 
which  take  the  warm  air,  necessary  for  the  water-smoking,  out 
of  the  cooling  compartments  of  the  kiln,  and  transfer  it  to  those 
newly  set,  and  concerning  various  small  portable  furnaces,  which 
were  spoken  of  as  being  practical  for  the  water^moking  in  these 
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kilns,  but  there  were  made  also  certain  allusions  to  new  secret 
methods  and  new  appliances  for  carrying  on  the  water-smoking 
process  in  the  continuous  kiln  in  a  safer  and  more"  economical 
manner. 

These  latter  tend  towards  one  end,  namely,  the  separation  of 
the  water-smoking  process  not  only  from  the  real  process  of  heating 
up  and  burning  (which  was  recommended  for  continuous  kilns 
many  years  ago,  but  unfortunately  was  carried  out  only  in  a  few 
cases)  but  also  the  removal  of  the  water  vapor  generated  in 
water-smoking  which  is  intended  to  be  removed  in  the  '^  most 
natural  way,"  that  is,  by  openings  in  the  arches,  in  such  a  man- 
ner that  the  natural  tendency  of  water  vapor  to  rise  might  be 
made  useful  for  its  removal. 

Even  though  it  be  true  that  the  specific  weight  of  water 
vapor  is  less  than  that  of  air  under  the  same  pressure  and  tem- 
perature, and,  therefore,  that  water  vapor  generated  in  the  atmos- 
phere at  atmospheric  pressure  (that  is  at  loo®)  rises,  still  one 
cannot  speak  of  the  natural  tendency  of  water  vapor  to  rise  in 
the  water-smoking  process.  Water  vapors  are  evolved,  only  with 
a  simultaneous  consumption  of  heat,  which  becomes  latent, 
and  in  order  to  vaporize  a  given  quantity  of  water  a  definite 
quantity  of  heat,  capable  of  numerical  expression,  is  required. 
Both  the  vapor  formed  and  the  heat  consumed  stand  in  an  unal- 
terable ratio.  Since  we  must  assume  the  air  to  be  the  carrier  of 
the  heat  in  the  water-smoking  process,  be  it  heated  in  any  way 
whatever,  then  in  a  unit  volume  at  any  readily  established  tem- 
perature it  will  contain  a  certain  quantity  of  heat  which  can  be 
used  for  the  vaporization  of  liquid  water.  It  is  easy  to  establish 
how  much  water  vapor  can  be  formed  by  this  quantity  of  heat 
and  how  much  the  air  will  be  cooled  off  by  this  loss  of  heat  It 
is  found  here  that  the  contraction  of  air  through  the  loss  of  heat 
is  much  greater  than  the  increase  of  volume  which  it  experiences 
from  the  addition  of  water  vapor  formed  by  the  heat  which  it 
has  lost,  and  that  therefore  the  air  already  used  for  water-smo- 
king and  thereby  cooled,  has  become  specifically  heavier  than  the 
dry  and  warm  air  freshly  introduced.  If  therefore,  in  practice, 
the  air  actually  rises,  this  is  not  to  be  considered  as  a  secret  in- 
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nate  tendency  of  its  own,  but  must  be  ascribed  to  the  fact 
that  the  heat,  carried  by  the  air,  has  been  only  partially 
used,  and  the  air  contained  in  the  kiln  is  therefore  warmer  and 
lighter  than  that  of  the  free  atmosphere.  Therefore,  if  any  ad- 
jtistment  between  the  specifically  lighter  air  on  the  inside  of  the 
kiln,  and  that  of  the  outside  takes  place  directly,  then  an  upward 
movement  will  result  in  the  kiln.  But  if  an  adjustment  is  effected 
with  the  still  warmer  air  of  the  chimney  of  the  continuous  kiln, 
then  the  "  natural  way,"  which  the  air  would  take,  would  be 
from  above  to  below.  In  the  first  case,  the  air  must  have  re- 
tained a  certain  amount  of  heat,  in  the  second  the  movement 
becomes  the  more  pronounced,  the  more  its  heat  is  withdrawn 
and  the  greater  the  temperature  difference  between  the  air  along 
the  kiln  floor  and  that  in  the  chimney,  whose  draft  is  produced 
by  some  other  source  of  heat  Just  as  in  a  vertical  tube  an  up- 
ward current  of  air  will  be  produced  by  heating  the  air  column 
in  comparison  with  the  outside  atmosphere,  so  a  descending  cur- 
rent will  be  produced  by  a  cooling  of  the  same ;  thus  there  arises 
an  inverted  chimney  of  the  height  of  the  kiln  chamber  to  assist 
the  operation  of  the  kiln  stack,  if  a  stream  of  warm  air  is  intro- 
duced under  the  arch  during  the  water-smoking,  its  free  heat 
being  absorbed. 

In  no  case,  as  long  as  the  temperature  of  the  water  evapo- 
rating in  the  water^moking  compartment  is  below  100^,  can 
a  separation  of  the  water  vapor  from  the  air  in  which  the  vapors 
were  generated,  take  place  ;  hence  the  water  vapor  has  no  oppor- 
tunity to  escape  alone,  nor  in  a  greater  d^jee,  out  of  the  upper 
openings  of  the  kiln,  than  the  air  volume  that  is  necessary  to 
hold  it  in  solution,  which  corresponds  to  the  temperature  govern- 
ing the  ability  of  the  air  to  take  up  aqueous  vapors.  Investiga- 
tions have  shown  that  gases,  which  form  in  a  space  which  is 
already  filled  with  some  other  gas,  are  distributed  according  to 
the  same  laws  as  in  vacuous  space,  that  is,  distribute  themselves 
equally  throughout  the  space ;  but  this  distribution,  on  account 
of  the  resistance  which  the  gas  already  present  exerts,  goes  on 
much  slower  than  in  the  vacuum.  If  such  a  mixture  is  once 
made  (and  this  must  occur  in  water-smoking  immediately  on 
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vaporization,  since  every  molecule  of  air  must  give  up  its  heat 
to  a  water  molecule  in  order  to  permit  the  vapor  formation  at 
all),  a  separation  according  to  specific  gravity  can  never  occur 
later  on,  but  the  gases  behave  like  two  perfectly  miscible  liquids 
(like  alcohol  and  water)  but  not  like  two  non-miscible  liquids  (like 
oil  and  water).  There  can,  therefore,  be  only  a  greater  quantity 
of  moisture  in  the  air  of  the  upper  part  of  a  kiln  than  in  the 
lower,  when  the  temperature  of  the  air  is  higher  on  top,  and 
hence  its  capacity  for  the  absorption  of  water  is  greater ;  if  the 
air  is  warmer  below,  there  will  be  more  moisture  at  the  bottom. 

Before  I  undertake  to  explain  more  precisely  the  phenomena 
which  occur  in  water-smoking,  and  demonstrate  numerically  the 
modification  of  the  same  for  various  cases  occurring  in  practice, 
I  will  come  back  to  the  nature  of  the  water-smoking  process, 
because  I  believe  that  many  erroneous  views  are  extant  in  refer- 
ence to  the  subject 

Whoever  has  seen  a  clay  analysis  has  observed  that  chemi- 
cally combined  water  varying  from  2  to  15  per  cent  with  different 
raw  materials,  is  always  reportefd.  This  water  cannot  be  removed 
by  long-continued  drying,  but  leaves  only  at  a  higher  tempera- 
ture ;  it  is  expelled  only  by  ignition,  and  in  most  cases,  its  re- 
moval is  shown  by  a  change  of  color  in  the  clay.  In  general  the 
expulsion  of  the  water  is  a  chemical  process  and  is  accomplished 
by  burning.  When  clay  is  mixed  with  water  and  reduced  to  a 
plastic  condition,  it  will  again  lose,  through  evapotation,  thelargest 
part  of  this  water.  A  part  of  the  same,  however,  will  be  retained 
with  great  obstinacy  in  the  pores  of  the  clay  and  is  not  removed 
at  the  ordinary  temperature  of  drying,  but  it  requires  heating  to 
a  point  above  the  boiling-point  of  water  or  about  120^  for  its 
expulsion.  Inversely  clay  which  has  been  dried  at  120°, 
when  it  is  exposed  to  the  atmosphere  at  ordinary  temperatures, 
draws  this  quantity  of  water  again  from  the  air.  This  water, 
whose  quantity  varies  between  i  and  8  per  cent,  is  called  hygro- 
scopic water,  and  its  expulsion,  as  well  as  of  that  which  remains 
from  insufficient  drying,  is  accomplished  in  water-smoking.  The 
water-smoking  is  finished,  therefore,  when  all  parts  of  the  kiln 
chamber  have  attained  a  temperature  lying  a  little  above  loo^. 
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For  the  removal  of  the  hygroscopic  water  the  introduction 
of  a  definite  quantity  of  heat  is  necessary,  which  is  absorbed  in 
the  change  of  water  to  steam.  The  introduction  of  this  heat  is 
always  accomplished  in  practice  by  a  current  of  heated  air, 
whether  from  a  special  furnace  provided  for  the  purpose,  or  with 
air  heated  by  the  absorption  of  radiated  heat  from  the  cooling 
bricks  by  means  of  a  water-smoking  flue  and  chimney  draft,  or 
by  the  use  of  the  still  heated  fire-gases  moving  away  from  the 
fire.  Prom  the  economic  standpoint,  it  would  seem  most  suita« 
ble  to  use  the  last  source  of  heat  for  this  purpose,  but  we  will 
see  later  on  that  the  fire  gases  seem  least  suited  of  all  to  drive 
out  the  hygroscopic  water  at  the  temperatures  at  which  it  must 
be  done. 

The  quantity  of  steam,  which  atmospheric  air  can  take  up, 
is  a  limited  one,  and  is  governed  by  the  temperature  of  the  same. 
The  higher  the  temperature  the  greater  the  quantity  of  vapor  the 
air  can  take  up,  till  at  ioo°  and  above,  the  quantity  of  steam  is 
independent  of  the  quantity  of  air,  hence  from  this  point  on, 
unlimited  quantities  of  steam  can  be  taken  up.  Since  the  water- 
smoking,  as  above  explained,  reaches  its  end  at  loo^,  it  be- 
comes  very  necessary  to  investigate  especially  the  capacity  of 
the  air  to  transport  water  at  temperatures  below  loo^. 

Water  vaporizes  at  every  temperature,  at  o°  as  well  as 
at  loo^,  but  the  tension  with  which  the  vapors  are  evolved 
varies  considerably.  The  tension  of  the  air  is  measured  by  means 
of  the  barometer.  The  tension  of  the  atmospheric  air  is  ex- 
pressed by  the  height  of  a  mercury  column  of  an  average  length 
of  760  mm.;  the  tension  of  water  vapor  has  been  established  by 
experiment  for  various  temperatures.  At  100^  it  is  equal  to 
that  of  air,  or  760  mm.,  at  50^  it  amounts  to  88.7  mm.,  at 
20°  to  17  mm.,  and  at  0°  to  5.1  mm. 

The  maximum  quantity  of  vapor,  which  the  air  can  take 
up  at  any  given  temperature,  is  a  function  of  its  tension,  so  that 

it  contains  at  0°  ~^,  at  20°   -i^,  at  50*^  -^    of  its  volume 

of  water  vapor,  and  it  is  in  condition  to  take  up  water  vapor 
until  this  maximum  is  attained.     If  air  contains  less  water  vapor 
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than  corresponds  to  the  saturation  of  this  temperature,  and  it  is 
cooled,  it  will  come  finally  to  a  temperature  at  which  it  cannot 
hold  the  water  vapor  already  taken  up ;  this  point  is  called  the 
dew-point  of  air  ;  at  this  point  a  part  of  the  water  is  deposited 
in  the  liquid  state  as  dew. 

The  establishment  of  the  dew-point  is  of  the  greatest  im- 
portance for  our  consideration,  because  it  indicates  the  tempera- 
ture of  the  air  at  which  it  is  still  able  to  serve  for  drying  and 
water-smoking,  and  below  which  it  must  never  be  cooled  during 
the  water-smoking  process  without  incurring  danger  of  spoiling 
the  color  of  the  ware  to  be  burned,  owing  to  condensation ;  this  is 
especially  true,  when  air  which  has  been  withdrawn  from  the 
fire  is  to  be  used  for  the  water-smoking,  since  this  already  con- 
tains a  large  quantity  of  water,  and  carries  with  it  other  dele- 
terious substances  which  are  expelled  from  the  clay  when  it  is 
ignited. 

While  these  particulars  do  not  concern  brick  material  of  the 
lowest  grades,  in  which  in  general  only  the  form,  hardness,  and  re- 
sistance to  the  weathering  influences  of  the  air  come  into  consider- 
ation, where  products  of  better  quality  are  to  be  made,  and 
where,  therefore,  beside  the  above-named  properties,  that  of  uni- 
form color  is  necessarily  demanded,  the  more  or  less  correct  op- 
eration of  the  water-smoking  process  forms  a  specially  important 
factor  in  securing  a  faultless  bum,  and  very  great  care  must  be 
used  in  this  respect.  It  has  been  shown  on  earlier  occasions 
that  in  all  continuous  kiln  systems,  of  whatever  construction, 
and  fired  with  either  solid  fuel  or  gas,  the  conditions  for  the  at- 
tainment of  a  uniform  surface  color  are  less  favorable  than  in 
periodic  kilns,  because  in  the  former  the  quantity  of  air,  which  car- 
ries away  the  water  vapor  of  the  green  bricks,  is  limited.  This 
is  true,  on  the  one  hand,  on  account  of  the  consideration  for  the 
most  economic  conditions  of  combustion,  and  on  account  of  the 
smaller  amount  of /uel  used ;  and  on  the  other  hand,  because  the  fire- 
gases  of  a  continuous  kiln  are  less  capable  of  taking  up  more  water 
vapor  on  account  of  their  high  humidity  than  the  air  introduced 
from  outside  in  the  water-smoking  process  of  a  periodic  kiln. 

Superficial  discoloration  can  be  traced  back  in  the  majority 
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of  cases  to  the  deposits  which  are  made  on  the  surface  of  the 
cold  bricks  by  the  fire-gases,  to  the  volatile  ammonia  and  the 
alkaline  salts,  acid  vapors,  or  flying  particles  of  ashes  which  de- 
posit with  the  water  vapor,  and  which  are  left  behind  by  the  re- 
evaporation  of  the  water,  as  salt  efflorescence  or  ash  deposits  on 
the  surface,  or  which  alter  the  clay  body  chemically  to  a  greater 
or  le^  extent,  and  thus  modify  the  color. 

Phenomena  which  can  be  explained  by  the  influence  of  the 
fire-gases  on  the  bricks  at  the  period  of  maximum  heat,  occur 
only  in  a  few  cases  and  only  under  unusual  conditions.  As  to 
the  assertion  that  color  changes  are  produced  by  rapid  or  slower 
cooling  of  the  brick,  and  which  seems  to  be  specially  invented 
for  illustrating  the  advantages  of  some  particular  systems,  not  a 
single  scientific  explanation  has  been  attempted  in  proof  of  it 
In  the  continuous  kiln  systems,  and  particularly  in  the  ring 
kilns,  it  has  been  shown  that  discolorations,  if  they  have  not 
already  arisen  during  the  drying  process  owing  to  salt  efflores- 
cences, are  avoided  during  the  burning  process  by  preventing 
the  precipitation  of  water  and  with  it  other  objectionable  matter 
contained  in  the  fire-gases. 

The  danger  of  brick  becoming  spoiled  in  the  burning  period 
of  the  ring  kiln,  that  is,  softened,  cracked  or  discolored,  is  there- 
fore the  greater,  the  less  the  air,  introduced  for  the  purpose  of 
water-smoking,  is  able  to  take  up  additional  water  and  to  carry 
it  away  quickly,  and  therefore,  the  more  the  air  taken  from  the 
burning  process  is  saturated  with  water  vapor.  The  magnitude 
of  this  water  content,  if  we  do  not  consider  the  water  vapors 
arising  from  a  fault>'  isolation  of  kiln  bottoms  from  the  damp 
ground,  is  dependent  on  the  water  content  of  the  fuel  and  its 
hydrogen  content,  on  the  chemically  combined  water  of  the  clay 
which  is  expelled  in  burning,  and  on  the  amount  of  water  which 
well-dried  bricks  still  retain  as  the  so-called  hygroscopic  water. 

When  we  attempt  to  reduce  the  amount  of  water  vapor  in 
the  fire-gases,  we  can  do  so  up  to  a  certain  limit  by  the  use  of  a 
fuel  which  has  been  dried,  or  which  originally  is  low  in  water 
or  hydrogen ;  in  the  brick  material  this  cannot  be  altered,  as  the 
foundational  supposition  is  the  use  of  air-dried  materials. 
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The  following  calculations  will  now  serve  to  show  the  in- 
fluence which  the  composition  of  the  clay  and  the  quantity  of 
the  fuel  used  for  burning  exerts  on  the  composition  of  the  fire- 
gases,  and  therefore,  on  the  water-smoking  process,  and  to  illus- 
trate the  quantities  of  heat  and  air  which  are  necessary  in  order 
to  complete  the  water-smoking  in  every  particular  case. 

I.  Quantity  of  Water  Vapor  in  the  Pire<tASES 

The  calculations  are  based  on  the  use  of  three  brick  clays, 
free  from  lime,  whose  contents  of  chemically  combined  and  hy- 
groscopic water  di£Fer  materially : 


Sample. 

Chemically 
combined  water. 

TTyypoacopic  wa^ 

ker  in  terms  of  the 

dried  day. 

Prom  Schwarzefauette 
From  the  Siegersdorf  works 
From  the  Greppin  works 

2.5 

5.0 

lO.O 

2.6 

4.8 
6.4 

It  is  next  assumed  that  all  clays  are  used  air  dry,  are  burned 
with  the  same  quantity  of  coal  in  a  ring  kiln,  which  amounts  to 
200  kg.. of  coal  of  average  composition  per  1000  bricks. 

The  coal  is  assumed  to  contain : 


Carbon 

Hydrogen 

Oxygen 

Ash     - 


Percent 
78.0 

5.2 
II.8 
5.0  , 


Prof.  Bischof  gives  as  the  average  of  sixty-seven  kinds  of 
coal,  after  deduction  of  the  ash,  82.1  per  cent  carbon,  5.5  per 
cent  hydrogen,  12.4  per  cent  oxygen,  which,  with  the  addition 
of  5  per  cent  ash,  give  the  above  figures. 

If  one  assumes  that  the  air  carried  to  the  fire  amounts  to 
just  enough  to  bum  the  carbon  to  carbon  dioxide  and  the  hydro- 
gen to  water,  then  the  following  quantities  of  air  would  be  re- 
quired, since  6  parts  by  weight  of  carbon  combine  with  16  parts 
of  oxygen,  by  weight,  to  form  22  parts  of  carbon  dioxide  and  i 
part  of  hydrogen  unites  with  8  of  oxygen  to  give  9  parts,  by 
weight,  of  steam : 
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156  kg.  of  carbon  unite  with  416  kg.  of  oxygen  and  produce  572 

kg.  of  carbon  dioxide ; 
7.4  kg.  of  hydrogen  unite  with  59.2  kg.  of  oxygen  and  produce 

66.6  kg.  of  steam. 

The  remaimiig  3  kg.  of  hydrogeh  unite  with  the  23.6  kg. 
of  oxygen  contained  in  the  coal  and  fumbhes  26.6  kg.  of  steam. 

There  will,  therefore,  be  used  475.2  kg.  of  atmospheric 
oxygen ;  and  since  i  cubic  meter  of  oxygen  at  0°  and  760 
mm.  weighs  1.4323  kg.,  there  will  be  331.8  cubic  meters  of  oxy- 
gen for  200  kg.  of  coal. 

But  there  enters  the  burning  chamber  with  the  oxy- 
gen, its  companion  in  the  air,  the  nitrogen,  and  since  for  100 
parts  by  volume  of  air  we  have  21  per  cent  of  oxygen  and  79  per 
cent  of  nitrogen,  the  nitrogen  will  be  1248.2  cubic  meters,  and  the 
air  volume,  which  will  suffice  to  just  bum  200  kg.  of  coal  of  the 
above  composition,  will  be  331.8  +  1248.2  =  1580  cubic  meters. 

Let  us  see  what  will  be  the  constituent  amounts  of  the  prod- 
ucts of  combustion : 


First,  the  nitrogen,  which  remains  unchanged 
Prom  thecarbon  there  are  produced,  asshown 

above,  572  kg.  of  carbon  dioxide  which 

occupies  the  space  of 
Prom  the  elements  of  the  water  in  the  coal 

26.3  kg.  of  steam  are  produced 
By  combustion  of  the  excess  of  hydrogen, 

66.6  kg.  of  steam  which  is 

Thus  together  we  have  products  of  combus- 
tion to  the  volume  of  -  - 


1248.2  ctt.m.  N. 


288.6  cu.m.  CO,. 


32.2  cu.m. 


82.7  cu.m. 


1 15.9  cu.m.  steam 


1652.7  cu.m. 


The  volumes  are  always  reduced  to  standard  conditions, 
that  is,  0°  and  760  mm.  barometric  pressure. 

To  these  products  of  combustion  there  is  now  to  be  added 
the  water  vapor  which  arises  from  the  expulsion  of  the  chemi- 
cally combined  water  from  the  clay  in  burning ;  this  amounts, 
taking  the  weight  of  the  burned  bricks  at  3  kg.,  to  the  following : 

Clay  from  Schwarzehuette  (  2.5  per  cent)  75  kg.  =  93.1  cubic  meters. 
Clay  from  Siegersdorf  (  5.0  per  cent)  150  kg.  =  186.2  cubic  meters. 
Clay  from  Greppin  works    (lo.o  per  cent)  300  kg.  =  372.4  cubic  meters. 
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The  quantity  and  composition  of  the  fire-gases,  which  arise 
ugh  the  burning  of  200  kg.  of  coal,  are  thus  equal  to : 


With  chemically  comMncd 
water. 

3.5  per  cent. 
CaUc  meters. 

5  per  cent. 
Cubic  meters. 

to  per  cent. 
Cubic  meters. 

Nitrogen  - 
Carbon  dioxide 
Water  vapor 

Total 

1248.2 
288.6 
209.0 

1745.8 

1248.2 
288.6 
302.1 

1838.9 

1248.2 
288.6 
488.3 

2025.1 

or  expressed  in  per  cent  by  volume : 


Per  cent. 

Per  cent. 

Per  cent. 

Nitrogen  - 
Carbon  dioxide 
Water  vapor 

Total 

72.5 

16.5 
12.0 

100.0 

67.9 

15.6 

16.5 

lOO.O 

63.6 

14.5 
21.9 

lOO.O 

We  must  now  determine  the  dew-point  for  these  combustion 
gases ;  that  is,  to  establish  the  temperature  at  which  they  are 
able  to  hold  this  water  in  the  gaseous  form  and  to  carry  it  away. 
The  tension  of  the  air  drawing  off  can  be  taken,  without  appre- 
ciable error,  as  being  equal  to  the  pressure  of  the  outside  atmos- 
phere, that  is,  to  the  average  barometric  pressure  of  760  mm.  of 
mercury. 

The  rarefication  of  the  air  in  the  flue  of  the  lime  ring  kiln  of 
P.  Hoffman,  at  Nordhafen,  in  Berlin,  amounted  in  several  de- 
terminations to  a  maximum  of  14.22  mm.  of  water  pressure  = 
1.05  mm.  of  mercury.  In  this  pressure  the  various  constituents 
participate  in  direct  proportion  to  their  volumes.  Hence  the 
tension  of  the  water  vapors  of  the  fire-gases  is  as  follows,  with 
the  clay  containing : 

...      .       760  X  12.0 
2.5  per  cent  combined  water,  -^ =    91.2  mm.  mercury, 


5  per  cent  combined  water,  -^ ^  =  128.4  mm.  mercury, 

,0  per  cent  combined  water.  T^lA^Ll  =  166.4  mm.  mercury. 
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The  dew-point  of  the  air  coincides  with  that  temperature  at 
which  water  boils  under  a  given  pressure.  We  know  from  the 
researches  of  Dulong  that  the  boiling-point  of  water  corresponds 
to  a  fusion 


of 

760.0  mm. 

at 

100® 

of 

91.2  mm. 

at 

50« 

of 

128.4  nun. 

at 

S?'' 

of 

166.4  mm. 

at 

63** 

That  is,  translated  into  practical  terms,  as  long  as  the  bricks 
in  the  water-smoking  compartments  are  heated  to  an  average  of 
50°  (with  2.5  per  cent  combined  water),  or  57°  (with  5  per  cent 
water),  or  63°  (with  10  per  cent),  according  to  the  fundamental  as- 
sumptions of  this  discussion,  there  can  be  no  separation  of  water 
vapor  from  the  fire-gases  used  for  the  water-smoking  under  any 
circumstances.  On  the  other  hand,  wherever  the  temperature  of 
the  brick  remains  below  the  temperatures  thus  given,  there  will 
occur  a  precipitation  of  water. 

If  with  the  Greppin  clay,  the  fire-gases  were  cooled  down  by 
contact  with  cold  bricks  to  50°,  then  there  would  be  deposited 
from  the  quantity  of  fire-gases  calculated  for  1000  bricks,  206.9 
kg.,  or  nearly  7  per  cent  of  the  weight  of  the  burned  brick,  of 
liquid  water,  since  at  63®  389.9,  but  at  50°  only  183  kg.  of  water 
vapor  can  be  held  in  solution. 

The  separation  of  water  must  become  smaller  in  proportion 
as  the  dew-point  of  the  fire-gases  is  lowered  because  with  the  in- 
creasing temperature  the  power  of  the  air  to  take  up  water  vapor 
increases  very  rapidly,  which  is  made  evident  by  an  inspection 
of  the  temperatures  given  above  and  the  corresponding  quantities 
of  water  held  in  solution. 

In  the  preceding  calculation  the  assumption  was  made,  that 
only  so  much  air  was  allowed  to  come  to  the  fire  as  was  just 
necessary  for  the  combustion  of  the  carbon  and  hydrogen  to  car- 
bon dioxide  and  water.  In  practical  work  this  proportion  cannot 
be  maintained,  and  Schinz  states  that  only  where  gaseous  fuel  is 
used,  where  there  is  no  obstacle  to  a  rapid  and  complete  mixture 
of  fuel  and  air,  is  this  at  all  practicable,  while  in  the  use  of  solid 
fuels,  on  account  of  the  small  superficial  contact  which  it  offers 
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to  the  atmospheric  air,  in  the  average,  a  quantity  of  air  double 
the  theoretical  amount  is  needed  in  order  to  produce  smokeless 
combustion.  Unfortunately  we  possess  no  investigations  in  re- 
gard to  the  composition  of  fire-gases  in  continuous  kilns,  which 
might  give  us  the  required  information,  and  a  series  of  investi- 
gations, made  with  the  Orsat  apparatus  for  gas  analysis,  which 
Dr.  Julius  Aron  described  in  the  last  convention  of  the  German 
Clayware  Manufacturers  Association  first  inform  us  in  r^;ard 
to  this  point 

The  statement  of  Schinz  concerns  only  grate-firing,  yet  al- 
lows one  to  assume  that  the  consumption  of  air  in  the  continuous 
kiln  lies  between  the  two  limits  already  mentioned,  and  we  will, 
on  that  account,  discuss,  as  the  second  extreme,  those  proportions 
which  occur  when  the  quantity  of  air  which  the  chimney  draws 
in  for  the  combustion  of  the  coal  is  twice  as  great  as  that  theo- 
retically necessary,  or  for  1000  bricks  burned  and  200  kg.  of 
coal,  there  is  used  not  1582  but  3160  cubic  meters  of  air. 

In  this  case,  the  half  of  the  air  operates  only  as  a  dilutant, 
and  the  composition  of  the  gases  can  be  calculated  as  being : 


Whh  the  day  oontaiiiiiis 

1 

a.5  per  oenL 
Cubic  meters. 

5  per  cent. 
Cubic  meters. 

10  per  cent. 
Cubic  meters. 

Nitrogen 
Carbon  dioxide 
Water  vapor 
Oxygen 

Total     - 

2496.8 
288.6 
209.0 

331.8 
3326.2 

2496.8 
288.6 
302.1 

331.8 
3419.3 

2496.8 
288.6 
488.3 
331.8 

3605.5 

or  expressed  in  per  cent  by  volume : 


Percent. 

Per  cent. 

Per  cent. 

Nitrogen 

Carbon  dioxide    - 
Water  vapor  - 
Oxygen    - 

75.0 
8.7 

6.3 
lO.O 

73.0 

8.5 
8.8 

9.7 

lOO.O 

70.5 
8.0 

12.3 
9.2 

Total 

100.00 

lOO.O 
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According  to  this,  the  tension  of  the  water  vapors  and  the 
dew-point  are  calculated  to  be  as  follows : 


Per  cent  chemically  combined  water. 


a.5 


Tension  of  vapor 
Dew-point 


,    47.9  mm. 

i     38^ 


66.9  mm. 
44* 


10 


93.5  mm. 
51" 


We  will  further  investigate  the  influence  that  a  greater  or 
smaller  supply  of  air  to  the  fuel  will  have  on  the  relative  water 
content  of  the  fire-gases  and  hence  on  the  ability  of  the  same 
to  take  up  and  carry  away  more  or  less  water  vapor  during  the 
water-smoking  process,  outside  of  the  limits  already  expressed 
which  correspond  most  closely  to  the  conditions  of  actual  work. 

Let  us  assume  that  four  times  as  much  air  is  brought  to  the 
fuel  as  is  necessary  for  theoretical  combustion,  which  might 
easily  happen  in  a  badly  managed  plant  Then  there  would 
be  required  for  the  same  quantity  of  coal  (200  kg.  for  1000 
bricks),  4  X  1580  =  6320  cubic  meters  of  air. 

Taking  into  account  the  water  vapor  arising  from  the  clay 
during  its  dehydration,  the  products  of  combustion  are : 


Per  cent  of  chemically  combined  water. 

For  the  cUy  containing 

(Srhwamhiitte) 
Cubic  metent. 

5 
(Siegcndorf) 

Cubic  meters. 

10 
(Greppin) 

Cubic  meters. 

Nitrogen 

Carbon  dioxide    - 
Water  vapor  - 
Oxygen    - 

Total 

4993.6 
288.6 
209.0 

995.4 
6486.6 

4993.6 
288.6 
302.1 

995.4 
6579.7 

4993.6 
288.6 

488.3 
995.4 

6765.9 

The  water  vapor  thus  contained  in  the  gases  of  combustion 
in  per  cent  by  volume  is  hence : 

3.1  percent  46  per  cent  7.2  per  cent 

of  the  fire  gases,  and  the  dew-points 


26^ 


32' 


4I^ 
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If  we  assume,  on  the  other  hand,  that  the  quantity  of  air 
introduced  to  the  fuel  is  insufficient  for  complete  combustion 
of  the  same  to  water  and  carbon  dioxide,  and  for  example  is 
only  sufficient  to  bum  the  hydrogen  to  water,  and  half  of  the 
carbon  to  carbon  dioxide,  while  the  other  half  of  the  carbon  is 
changed  to  its  lower  form  of  oxidation  or  carbon  monoxide'  and 
is  lost  as  such  in  the  escaping  fire-gases,  then  the  composition  of 
the  gases  will  be  as  follows : 


Per  cent  of  chemically  combined  water. 

For  cUy  with 

a.5- 

Cubic  meters. 

5. 

Cubic  meters. 

10. 
Cubic  meters. 

Nitrogen 

Carbon  dioxide    - 

Water 

Carbon  monoxide 

Total 

953.2 

144.3 
209.0 

144.3 
1450.8 

953.2 

144.3 
302.1 

144.3 
1543.9 

953.2 

144.3 
488.2 

144.3 
1730.0 

The  water  vapor  in  this  case  amounts  to 

14.4  per  cent  19.6  per  cent  28.2  per  cent 

of  the  volume  of  the  fire-gases,  and  the  dew-point  of  the  latter 

lies  at 

54**  61  <»  69^ 

In  all  these  cases,  the  absolute  quantity  of  water  vapor  in 
the  fire-gases  remains  the  same,  since  the  latter  are  composed  of 
constant  factors ;  that  is,  the  quantity  of  water  which  is  formed 
by  the  burning  of  200  kg.  of  coal,  and  that  which  is  liberated  by 
the  dehydration  of  1000  bricks.  While  the  bulk  of  the  other  con- 
stituents varies  both  qualitatively  and  quantitatively,  according 
to  the  amount  of  air  admitted  for  combustion— insufficient,  just 
enough,  or  excess. 

For  the  purpose  of  drawing  general  conclusions  for  prac- 
tical work  from  the  preceding  calculations,  the  same  are  once 
more  summarized. 


<  While  6  parts  by  weiirl^t  of  carbon  on  burning  to  carbon  dioxide  unite  with 
16  parts  of  oxygen,  on  incomplete  combustion,  hence,  with  the  formation  of 
carbon  monoxide  they  take  up  only  one-half,  or  8  parts  by  weight  of  oxygen. 
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Using  200  kg.  of  coal  per  looo  bricks  with  clay  containing : 


a.5  per  cent  chcmlcAlly 

oomUaed  water. 

(Schwanehvettc) . 

S  per  cent  chemlcaUy 

combined  water. 

(SiegefKlorf). 

Water  vapor  in 

percent 

by  votnnic. 

Dew-point 

Water  vapor  in 

percent 

by  Tolvtae. 

Dew-point. 

With  insufficient  air  (see  above) 

14.4 

54 

19.6 

61 

With  sufficient  air  - 

12.0 

50 

16.5       ;     57 

With  double  the  required 

1 

amount  of  air 

6.3 

38 

8.8       :     44 

With  four  times  the  required 

t 

amount  of  air       - 

3.1 

26 

4.6           32 

With  insufficient  air  (see  above) 

With  sufficient  air     - 

With  double  the  required  amount 

of  air     • 
With  four  times  the  required 

amount  of  air 


10  per  cent  cbemicaUy  combined 

water. 

(Greppin). 


Water  vapor  in 

percent 

by  volome. 


28.2 
21.9 

12.3 
7.2 


Dew-point. 

"C. 


69 
63 

51 

41 


Prom  these  figures,  it  is  seen  that,  with  the  same  clay  and 
using  the  same  quantity  of  fuel,  the  relative  water  content  of  the 
fire-gases  is  the  greater,  the  smaller  the  quantity  of  air  brought 
in  for  combustion,  and  with  equal  quantities  of  air  used,  it  will 
be  the  greater,  the  higher  the  content  of  combined  water  in  the 
clay.  The  dew-point  rises  in  proportion  to  the  per  cent  of  the 
water  content  in  the  firegrases. 

This  is  important,  because  the  dew-point  is  the  lower  limit 
at  which  the  fire-gases  can  be  used  for  water-smoking.  If  the 
entire  kiln  content  possesses  a  higher  temperature  than  the  dew- 
point  of  the  fire-gases,  then  these  will  be  able  to  effect  a  removal 
of  the  water  vapor.  But  if  this  temperature  lies  below  the  dew- 
point,  then  there  must  always  occur  an  absorption  of  water  by 
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the  bricks,  and  this  will  exert  a  more  or  less  injurious  influence 
on  the  superficial  color  of  the  clay,  according  to  the  temperature 
and  water  content  of  the  air,  the  kind  and  quantity  of  volatile 
salts  or  acid  vapors  in  the  fire-gases,  and  the  greater  or  less 
porosity  and  the  possible  presence  of  soluble  matter  in  the  clays 
themselves. 

The  absolute  quantity  of  the  air  alone,  and  its  relative  pro- 
portion to  the  fuel  does  not  exert,  as  is  set  forth  in  the  preceding 
remarks,  a  determinative  influence  upon  the  water  content 
of  the  fiire-gases,  but  the  absolute  quantity  of  the  fuel  used 
must  be  taken  into  consideration  here,  since  it  contributes  to  the 
formation  of  water  and  since  the  air  required  will  also  depend  on 
its  amount.  The  quantities  of  fuel  which  are  used  may  vary 
within  considerable  limits,  according  to  the  hardness  which  it  is 
desired  to  attain  in  the  burning,  and  the  temperature  to  which 
it  is  necessary  to  expose  the  ware  in  order  to  attain  the  purpose. 
If  we  modify  the  assumption  made  above  that  200  kg.  of  coal  are 
used  in  the  burning,  and  assume  on  the  one  hand  that  the  quan- 
tity is  reduced  to  100  kg.  and  on  the  other  raised  to  300  kg.  per 
1000  bricks,  then  the  composition  of  the  fire-gases  would  be  as 
follows : 

I  a.  Using  100  kg.  of  coal  per  1000  bricks,  and  just  air  enough 
to  consume  it. 


» 

Per  cent  of  chemically  combined  water. 

Clay  with 

2.5. 
Cubic  meters. 

5- 
Cubic  meters. 

10. 
Cubic  meters. 

Nitrogen  - 
Carbon  dioxide 
Water  vapor 

Total 

624.1 

144.3 
1510 

919.4 

624.1 

144.3 
244.1 

IOI2.5 

624.1 

144.3 
430.3 

1198,7 

The  per  cent  of  water  vapor  is  accordingly, 

16.4  per  cent  24.  i  per  cent  35.9  per  cent 

and  the  dew-point  of  the  fire-gases, 


57' 


65' 


74' 


16.  Using  twice  the  theoretical  air  supply,  and  100  kg.  of  coal 
for  1000  bricks. 


292 


SPBCIAL  BRANCHES  OP  THB  CLAY  INDUSTRY 


Per  cent  of  chemlcAllj  combined  water. 

CUiywHh 

2.5. 

Cvbic  mcten. 

S- 
Cubic  meters. 

10. 
Cubic  meters. 

Nitrogen 

Carbon  dioxide    - 
Water  vapor  - 
Oxj^gen    - 

Total 

1248.2 

144.3 
I51.O 
165.9 

1709.4 

1248.2 

144.3 
244.1 
165.9 

1802.7 

1248.2 

144.3 
430.3 
165.9 

1988.9 

The  per  cent  of  water  amounts  to 

8.8  per  cent  15.5  per  cent  21.6  per  cent 

and  the  dew-point  is 

44**  55**  63». 

2a.  300  kg.  of  coal  per  1000  bricks,  and  just  sufficient  air  to 
bum  it 


Per  cent  of  cfaemJcally  combined  water. 

Clay  with 

a.5. 
Cubic  meten. 

5. 

Cubic  metem. 

10. 
Cubic  meters. 

Nitrogen 
Carbon  dioxide 
Water  vapor 

Total 

1872.3 

432.9 
266.9 

2572. 1 

1872.3 

432.9 
360.0 

2665.2 

1872.3 

432.9 
546.0 

2851.4 

The  fire-gases  in  this  case  contain  of  water  vapor, 

10.4  per  cent)  13.9  per  cent  19.  i  per  cent 

and  the  dew-point  is 


48* 


53' 


6o*». 


26.  Using  twice  the  required  amount  of  air  and  300  kg.  of 
coal  per  1000  bricks. 


Per  cent  of  chemically  combined  water. 

Omywith 

a.5 
Cubic  meters. 

5 

Cubic  m  eters. 

10 
Cubic  meters. 

Nitrogen 

Carbon  dioxide    - 
Water  vapor  - 
Oxygen    - 

Total 

3744.6 

432.9 
266.9 

497.2 
4941.6 

3744.6 

432.9 
360.0 

497.2 
5034.7 

3744.6 

432.9 
546.0 

497.2 
5220.9 
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Percentage  of  water  vapor  in  fire-gases  : 
5.3  per  cent  7.1  percent 

The  dew-point  is 

35**  4o*» 


10.5  per  cent 


48^ 


Collecting  the  dew-points  calculated  under  the  assumption 
previously  made,  in  tabular  form  for  convenience  of  inspection, 
we  have : 


t 

Using 

With  Just  enough  air  and  the  clay  containing 

100  kg. 
of  coal. 

300  kg. 

of  coal. 

of  co3. 

2.5  per  cent  combined  water  - 
5     per  cent  combined  water 
10     per  cent  combined  water  - 

With  the  double  amount  of  air  and  clay  containing 

2.5  per  cent  combined  water 
5     per  cent  combined  water  - 
10     per  cent  combined  water 

57° 
65° 
74° 

44° 
55° 
63° 

So° 
57° 
63° 

38° 

44° 
51° 

48<» 
6o« 

35** 
40** 
48^ 

From  this  table  we  can  deduce  the  law  that  the  content  of 
water  vapor  and  therefore  the  dew-point  of  the  fire-gases  falls 
the  lower  (all  other  conditions  being  equal)  the  greater  the  con- 
sumption of  fuel ;  that  is,  the  harder  the  bricks  are  burnt  and 
the  greater  the  heat  required  by  the  materials  to  bring  them  to 
a  condition  of  complete  burning. 

II.    Quantities  of  Air  and  Heat  Which  Are  Required 

IN  Water-Smoking 

The  fire-gases  are,  as  has  already  been  shown,  the  less  suited 
to  give  up  heat  in  the  water-smoking  process,  the  higher  they 
are  in  water  vapor ;  and  the  quantity  of  heat  which  must  be  ob- 
tained in  some  other  way  than  from  the  fire-gases,  for  heating 
newly  set  brick  to  a  temperature  above  the  dew-point  and  later 
for  dehydrating,  them  is  the  greater  the  higher  the  dew-point 
On  that  account,  the  same  factors  which  tend  to  increase 
the  relative  water  content  of  the  waste  gases,  will  always  have 
the  effect  of  decreasing  the  possibility  of  proper  water-smoking. 
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As  such  factors  which  are  unfavorable  to  water-smoking,  we 
have  learned  to  recognize  a  high  content  of  chemically  combined 
water  in  the  clay,  and  the  combustion  of  coal  with  a  small  supply 
of  air,  that  is,  a  factor  which  tends  to  increase  the  economic  effect 
of  the  fuel  to  a  maximum,  unless  the  admission  of  air  is  not 
allowed  to  fall  below  a  certain  required  minimum. 

Now,  since  it  is  far  easier  to  control  the  ratio  between  the 
fuel  and  the  air  of  combustion,  which  gives  the  highest  heating 
effect,  in  gas-firing  than  in  the  use  of  a  solid  fuel,  especially 
when  the  latter  offers  only  proportionately  small  areas  of  its  sur- 
face to  the  attack  of  the  air,  and,  since  it  is  always  endeavored 
to  use  the  fuel  as  advantageously  as  possible,  in  gas-firing, 
for  this  reason,  the  danger  of  incurring  bad  effects  through  the 
waste  gases  will  always  be  more  eminent  during  the  water-smoking 
process,  than  in  the  ordinary  kilns.  In  other  words,  the  care 
and  precautions  which  must  be  exercised  in  order  to  guard 
against  condensation  from  the  waste  gases  before  their  escape 
into  the  main  flue,  all  other  things  being  equal,  will  be  greater 
than  is  the  case  even  in  the  ordinary  continuous  kilns. 

If  we  assume,  according  to  the  average  figures  for  continuous 
kilns,  that  the  coal  consumption  amounts  to  200  kg.,  and  the 
average  content  of  chemically  combined  water  of  brick  clays  is 
5  per  cent,  and  in  the  average  double  the  theoretical  air  supply 
is  admitted,  then  the  average  dew-point  of  the  gases,  that  is,  the 
temperature  at  which  they  are  able  to  carry  off  as  vapor  all  the 
steam  generated  by  the  burning  of  the  coal  and  from  the  clay, 
without  precipitating  the  water  in  the  form  of  a  fog  or  sweat, 
will  be  about  44°  according  to  the  preceding  calculations, 
while  the  same  temperature  may  rise  or  fall  under  favorable  or 
unfavorable  conditions  to  74®  and  26°  respectively.  The 
bricks  must  therefore  be  heated  up  to  this  point  by  some  other 
source  of  heat,  before  the  hot  waste  gases  can  be  used  for  the 
heating  and  complete  drying  of  the  same,  because  contact  with 
the  cold  brick  will  cool  the  waste  gases  to  a  point  below  this 
dew-point  and  thereby  produce  condensation  in  the  newly  set 
chambers.  In  order  to  avoid  confusion,  let  it  be  understood 
that,  with  the  appearance  of  condensation,  bad  effects  do  not 
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necessarily  result,  but  under  unfavorable  conditions  they  will 
occur.  Air-dry  clay  can  take  up  more  or  less  water  in  its  pores, 
without  seeming  wet  on  the  surface  on  that  account,  and  a£Fording 
opportunity  for  the  lodgment  of  fine  ashes  or  other  impurities  of 
the  waste  gases ;  on  the  other  hand,  if  the  waste  gases  contain 
acid  vapors,  these  will  likewise  penetrate  into  the  pores  of  the 
clay  with  the  water,  and  will  then  exert  an  injurious  influence 
on  the  color.  But  such  a  bad  eflEect  will  not  occur  or  only  in  a 
restricted  degree,  when  water  vapor  begins  to  escape  from  the 
pores  soon  after  the  contact  of  the  bricks  with  the  hot  waste 
gases.  This  will  take  place  when  the  bricks  are  previously 
heated  up  to  the  dew-point  of  the  fire-gases  in  such  a  manner 
that  they  are  not  harmed,  that  is,  by  special  furnaces  which 
allow  the  introduction  of  a  quantity  of  air  that  is  easily  capable 
of  carrying  off  all  water  vapors  which  are  formed,  as  it  is  gener- 
ally done  in  the  water-smoking  of  the  periodic  kilns,  and  by  the 
introduction  of  warmer  air  through  the  water-smoking  flue  in 
ordinary  continuous  kilns. 

If  we  assume,  therefore,  that  in  the  average  the  bricks  in 
continuous  kilns  must  be  heated  to  44°  before  they  can  be 
brought  in  contact  with  the  fire-gases  without  suffering  harm, 
and  the  bricks  are  brought  to  the  kiln  at  a  temperature  of  15°, 
then  a  preceding  rise  in  temperature  of  30®  in  round  numbers, 
must  take  place. 

As  a  source  of  this  heat,  there  are  chiefly  two  factors  which 
may  be  considered,  namely,  the  heat  supply  which  radiates  from 
the  still  warm  kiln  walls  and  the  kiln  floor,  and  that  which,  if 
the  first  is  not  sufficient,  can  be  brought  in  either  through  sep- 
arate furnaces  in  the  kiln  door,  or  through  special  water-smo- 
king furnaces  above  the  firing  shafts,  or  through  the  use  of  warm 
air,  which  can  be  taken  from  the  cooling  compartments  by 
means  of  the  water-smoking  flues. 

Before  we  proceed  to  the  calculation  of  the  quantities  of 
heat  and  the  air  volumes  needed  to  carry  this  heat  and  to  carry 
off  the  water  vapors  produced  simultaneously,  it  seems  necessary 
for  a  better  understanding,  to  explain  first  some  of  the  concep- 
tions and  laws  of  the  subject  of  heat,  which  are  not  familiar  to 
practical  men. 
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As  is  generally  known,  the  thermometer  is  used  for  the  deter- 
mination of  ordinary  temperatures,  and  for  higher  temperatures 
the  pyrometer,  the  construction  of  which  we  will  assume  at  this 
time  to  be  known,  likewise  the  principles  according  to  which 
the  scales  and  their  division  into  degrees  are  arranged.  These 
apparatus  have  for  their  purpose  only  the  indication  of  the  inten- 
sity of  heat,  and  give  no  measure  of  the  quantity  which  is  gen- 
erated from  a  certain  source,  or  is  collected  in  a  certain  heated 
body.  An  example  will  make  this  plainer.  Let  us  imagine 
any  definite  source  of  heat  (for  instance  a  gas  flame  or  an  alcohol 
lamp)  which  is  used  for  heating  a  vessel  filled  with  water,  which 
is  so  constructed  that  all  of  the  heat  generated  by  the  source  can 
be  conveyed  to  the  water,  losses  being  avoided.  The  vessel 
to  be  heated  holds,  say,  10  kg.  of  water,  and  the  flame  under  it  is 
capable  of  heating  this  10  kg.  of  water  in  one  hour  from  0° 
to  the  boiling-point,  that  is,  100°.  An  experiment  would  now 
show  that  if  the  vessel  held  twice  as  much  water  at  0°,  the 
temperature  would  rise  only  to  50°,  and  with  100  kg.  of  water 
the  elevation  of  temperature  would  only  amount  to  10®.  But 
in  all  of  these  cases,  if  it  is  assumed  that  the  flame  remains  con- 
stant, the  same  quantity  of  heat  has  always  been  generated  and 
has  all  been  carried  into  the  water,  without  giving,  however,  the 
same  thermometer  reading.  The  heat  generated  is  therefore  not 
expressed  alone  by  the  elevation  in  temperature  which  the  ther- 
mometer shows,  but  also  at  the  same  time,  by  the  amount  of  the 
water  heated,  and  in  such  a  manner  that  the  number  of  ther- 
mometer degrees,  multiplied  by  the  kilograms  of  water,  will  give 
the  same  result  in  all  cases. 

In  order  to  connect  these  two  factors,  temperature  and  quan- 
tity of  the  material  heated,  into  one  expression  for  the  measure- 
ment of  the  quantity  of  heat  given  out  from  any  source,  it  has 
been  agreed  to  take  as  unity  the  quantity  of  heat  which  is  capa- 
ble of  raising  i  kg.  of  water,  i  °  from  0°  to  i  °. 

This  quantity  of  heat  is  tenned  a  heat  unit  or  calorie. 
In  the  example  shown  above  the  quantity  of  heat  generated 
by  the  gas  or  alcohol  flame  is  expressed  as  10  kg.  X  100°,  or 
20  kg.  X  50®,  or  100  kg.  X  10®  =  1000  heat  units  in  each  case. 
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According  to  the  statements  made  above,  it  will  be  appa- 
rent that,  if  we  were  to  mix  i  kg.  of  water  at  0°  and  i  kg.  at 
100°,  we  should  get  z  kg.  at  50°.  The  conditions  will 
be  diflEerent,  however,  if  we  mix  bodies  of  different  kinds  with 
one  another,  and  the  temperatures  are  allowed  to  equalize. 
If  we  mix  i  kg.  of  water  at  100°  with  i  kg.  of  mercury  at 
o®  the  mixture  would  not  take  on  a  temperature  of  50®, 
but  of  98.8®.  This  is  due  to  the  fact  that  all  bodies  do  not 
require  an  equal  quantity  of  heat  to  increase  their  temperature 
i°,and  that  the  quantity  of  heat  which  i  kg.  of  mercury  takes 
up  is  much  less  than  that  of  i  kg.  of  water. 

Having  taken  water  as  unity,  which  of  all  known  bodies 
takes  up  the  greatest  quantity  of  heat  with  the  same  weight  in 
being  raised  i  °  in  temperature,  the  quantities  of  heat  required 
to  heat  I  kg.  of  a  great  number  of  substances  have  been  deter- 
mined by  very  subtle  experiments.  The  numbers  thus  obtained 
are  called  the  specific  heats  of  the  substances. 

The  following  figures  have  been  found  to  be  the  specific 
heats  of  the  substances  which  are  most  important  for  our  con- 
sideration : 

Water    -----  i.oooo 

Air  ------  0.2669 

Oxygen  .  -  -  -  0.2361 

Nitrogen     -----  0.2754 

Carbon  dioxide  .  .  -  0.2210 

Carbon  monoxide  -  -  -  -  0.2884 

Steam    -----  0.3010 

Burnt  clay*  .  .  .  .  0.2083 

This  means,  that  to  heat  i  kg.  of  water  i®  requires  i.ooo  heat 
unit,  I  kg.  of  clay  requires  0.2083  heat  unit,  and  i  kg.  of  atmos- 
pheric air  0.2669  heat  unit 

With  this  all  the  data  are  given,  which  are  necessary 
to  calculate  the  quantities  of  heat  needed  to  heat  a  certain 
weight  of  a  body  a  definite  number  of  d^^rees,  or  to  find 
the  quantity  of  heat  which  a  body  loses,  when  it  cools  a  certain 
number  of  degrees.     It  is  only  necessary,  in  order  to  express  the 


>  An  average  of  three  sorts. 
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quantity  of  heat  in  heat  units,  to  multiply  the  weight,  expressed 
in  kilograms,  by  the  temperature  difiFerence,  expressed  in  degrees 
centigrade,  and  by  the  specific  heat. 

A  cubic  meter  of  air  weighs  (at  o^  and  760  mm.  barome- 
ter reading)  1.299  kg.  In  order  to  heat  i  kg.  of  air  to  100^  C. 
there  are  needed : 

1*299  X  100  X  0.2669  =s  34.56  heat  units, 
or  as  much  heat  as  is  needed  to  heat  34.56  kg.  of  water  i^  or 
I  kg.  of  water  34.56*^. 

In  heating  a  brick  weighing  3  kg.  to  100^  the  necessary 
quantity  of  heat  is  calculated  to  be 

3  X  100  X  0.2083  =  62.49  heat  units. 
For  an  unbumed  brick  which  contains  3  kg.  of  clay  (burned), 
5  per  cent  or  o.  15  kg.  of  chemically  combined  water  and  5  per  cent 
or  0.15  kg.  of  hygroscopic  water,  the  quantity  of  heat  which  is 
necessary  to  heat  it  100^  is  found  to  be 

3  X  100  X  0.2083  =  62.49  heat  units  for  the  clay. 
0.3  X  100  X  1. 0000  =  30.00  heat  units  for  the  water. 

Total  -     92.49  H.  U. 

It  is  known  that,  when  water  is  heated  in  an  open  vessel,  its 
temperature  steadily  rises  up  to  100^ ;  from  this  point  on  no 
rise  in  the  thermometer  takes  place,  no  matter  how  much  one 
increases  the  supply  of  heat,  but  all  the  additional  heat  is  used 
for  converting  the  water  from  the  liquid  to  the  gaseous  state. 
Measurements  have  shown  that  while,  as  we  have  already  seen, 
100  heat  units  are  needed  to  heat  i  kg.  of  water  up  to  100^, 
in  vaporization  a  far  greater  quantity,  namely,  about  5  }i  times 
as  much,  or  540  heat  units,  is  used  which  disappears  as  far  as 
our  senses  and  the  thermometer  are  concerned.  These  540  heat 
units  are  called  the  latent  or  hidden  heat  of  water  vapor.  There 
are  required,  therefore,  altogether,  in  order  to  change  i  kg.  of 
water  from  o®  to  steam  at  100°,  540  +  100,  or  640  heat  units. 
Inversely,  this  latent  heat  is  set  free  again  as  sensible  heat  on 
the  condensation  of  the  water  vapor,  for  i  kg.  of  water  vapor  in 
changing  to  liquid  water  gives  up  as  much  heat  as  is  needed  to 
heat  540  kg.  of  water  1°  or  5.40  kg.  of  water  from  o®  to  100®. 
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It  has  further  been  proved  that  when  water  is  changed  into 
steam  at  temperatures  below  the  boiling-point,  the  amount  of 
latent  heat  remains  the  same,  and  only  the  sensible  or  free  heat 
is  diminished  correspondingly.  When,  therefore,  water  at  20° 
evaporates,  the  heat  necessary  for  vaporizing  it  amounts  to 
20  +  540  =  560  heat  units,  or  at  50°  to  50  +  540  =  590  heat 
units  for  every  kilogram  of  water. 

Let  us  turn  back  after  this  digression  to  the  application  of 
these  laws  to  a  given  case.  We  had  assumed  that  a  brick  clay 
contained  on  the  average  5  per  cent  of  chemically  combined 
water,  and  that  the  green  bricks  had  to  be  heated  30°  before 
they  could  be  brought  in  contact  with  the  fire-gases  of  the  kiln 
without  bad  effects.  If  we  assume  also  that  5  per  cent  more 
water  is  contained  in  the  air-dry  bricks  as  hygroscopic  water, 
then  looo  green  bricks,  which  weigh  3  kg.  burned,  will  consist 
of  3000  kg.  of  clay  (burned),  150  kg.  of  chemically  combined 
water,  which  is  only  driven  out  at  a  red  heat,  and  150  kg.  of 
water  which  is  expelled  in  the  drying  or  water-smoking,  or 
altogether  3300  kg. 

The  consumption  of  heat  in  heating  up  this  quantity  of 
clay  from  15°  to  45°  is  calculated  as  follows: 

3000  X    30  X  0.2083  =  18747  heat  units  for  the  clay. 
150  X    30  X  1. 0000  =      4500  heat  units  for  the  combined  water. 
150  X    30  X  1. 0000  =      4500  heat  units  for  the  hygroscopic  water. 

150  X  540  =  81000  latent  heat. 

Total    -  -      108747  heat  units. 

If  this  heat  were  generated  by  direct  combustion,  that  is, 
by  fires  in  the  doors  of  the  kiln,  or  by  water^moking  furnaces, 
then  the  consumption  of  fuel  necessary  to  produce  this  effect 
would  be  (since  it  was  established  that  i  kg.  of  coal  of  aver- 
age composition  generates  7487  heat  units,  i  kg.  of  wood  3878 

heat  units  on  combustion)    ^    ^^^  =  i4-5  kg.  of  coal,  or    ^  ^^^ 

=  28  kg.  of  air-dry  wood. 

If  this  heat  were  conveyed  through  one  of  the  water-smo- 
king flues  under  the  assumption  that  the  temperature  of  the  warm 
air  entering  the  water-smoking  compartment  is  100^   higher 


300  SPBCIAL  BRANCHBS  OF  THB  CLAY  INDUSTRY 

than  the  same  air  after  it  had  cooled  down  by  contact  with  the 
bricks,  the  temperature  of  the  air  being  145^  before  and  45^ 
after  cooling,  then,  since  we  have  seen  before,  that  a  cubic 
meter  of  air  in  order  to  be  heated  or  cooled  100^   will  take  up 

or  release  34.56  heat  units,  there  will  be  needed  I — J^  =  3147 

cubic  meters  of  air  for  every  1000  bricks. 

The  air  used  for  this  process  will  be  drawn  in  through  the 
open  doors  of  the  kiln  chambers  by  the  draft  of  the  stack,  carried 
through  a  part  of  the  cooling  compartments  of  the  kiln,  where  it 
becomes  heated,  and  is  carried  through  the  water-smoking  flues 
to  the  drying  compartment.  If  we  assume  that  the  outside  tem- 
perature is  15^,  the  air  from  the  water-smoking  process  would 
have  to  be  heated  from  15°  to  145°  or  130°,  and  this  heat 
is  to  be  drawn  from  the  bricks  undergoing  cooling.  A  cubic 
meter  of  air  weighs  1.299  kg.  The  quantity  of  heat  which  is  car- 
ried out  by  3147  cubic  meters  at  a  temperature  increase  of  130^ 
amounts  to  3147  X  1.299  ^  0.2669  X  130  =  133,704  heat  units. 

Since  in  the  ring  kiln,  the  operation  must  always  be  con- 
sidered a  r^^ular  one,  this  quantity  of  heat  needed  for  the 
heating  and  drying  of  1000  bricks  must  be  taken  from  1000  other 
bricks  still  remaining  in  the  cooling  compartments,  in  such  a 
way  that  these  give  up  their  heat  to  the  air  used  in  the  water- 
smoking.  We  have  seen  above  that  a  burned  brick,  in  order  to 
be  heated  or  cooled  to  100°,  gives  or  takes  up  62.49  ^^^^ 
units.  For  1000  bricks  and  i^,  this  would  amount  to  624.9 
heat  units,  and  the  number  of  degrees  through  which  the 
1000  bricks  would  have  to  be  cooled  by  the  air  currents  would 

amount  to  l|liZ21  =  214^. 
624.9 

The  preceding  calculation  (whose  result  is  that  in  order  to 
heat  1000  bricks  30^  by  means  of  hot  air,  and  at  the  same  time 
to  evaporate  the  water  contained  in  them,  1000  other  bricks  must 
be  cooled  down  214°  by  the  heating  of  this  air  supply)  es- 
tablishes the  maximum  heat  consumption  and  is  true  only  under 
the  supposition  that  the  walls  of  the  kiln  compartm^its,  in  which 
the  bricks  are  set,  are  thoroughly  cooled  down,  so  that  the  radi- 
ated heat  need  not  be  taken  into  consideration.     In  realitv  this 
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never  takes  place  in  regular  work,  but  rather  a  very  considera- 
ble quantity  of  heat  for  the  preheating  is  furnished  by  this  source, 
since  experience  has  shown  that  the  heat  in  many  cases  has  suf- 
ficed alone  to  protect  freshly  set  brick  from  any  harm  caused  by 
the  waste  gases.  The  quantity  of  heat  furnished  by  the  walls  is 
dependent  on  the  area  of  the  radiating  wall  surface  and  on  its  char- 
acter, as  well  as  its  temperature  and  the  temperature  of  the  body 
which  takes  up  the  radiated  heat,  that  is,  the  newly  set  bricks 
themselves. 

The  wall  surface  of  a  kiln  chamber  does  not  stand  in  a  sim- 
ple ratio  to  the  kiln  content,  and  it  is  proportionately  larger  the 
smaller  the  latter  is.  For  example  the  wall  surface,  including 
the  bottom  or  floor  of  a  kiln  chamber  of  10  cubic  meters'  content, 
is  calculated  to  be  21.5  square  meters,  for  30  cubic  meters'  ca- 
pacity it  is  44.5  square  meters,  and  for  100 cubic  meters  it  is  106.5 
square  meters.  If  one  takes  280  bricks  as  occupying  i  cubic 
meter  of  kiln  space  he  will  find  in  the  first  case  7.7,  in  the  sec- 
ond 5.3,  and  in  the  third  only  3.8  square  meters  of  radiating 
surface  per  1000  bricks. 

One  will  recognize  from  this  that  the  heat  of  the  kiln  walls 
exercises  a  far  greater  and  more  beneficial  influence  in  small  kiln 
chambers  than  in  large  ones. 

In  order  to  study  the  influence  of  the  warm  walls  more 
closely,  let  us  assume  such  conditions  as  are  found  in  practical 
work. 

The  temperature  of  the  newly  set  bricks  is,  say,  15®; 
these  must  be  warmed  before  the  admission  of  the  kiln  gases 
to  45°,  without  air  circulation,  between  two  dampers,  and 
the  temperature  of  the  walls  60^.  Let  it  be  assumed  that  the 
hot,  frequently  glowing,  masses  of  sand  behind  them,  will  re- 
place to  the  thick  kiln  walls  all  the  heat  radiating  from  the  sur- 
face, so  that  the  temperature  of  the  walls  during  the  twenty-four- 
hour  period  remains  constant  to  60^. 

According  to  the  tables  made  in  the  investigation  by 
Schinz,"  it  is  found  that,  at  the  temperature  conditions  previously 
assumed,  the  square  foot  (equal  to  0.09  square  meter)  radiates  in 

'  Schinz  :  Compendium  der  Waermemesskunftt,  Tables  XIH  and  XI«II. 
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one  hour  43  heat  units  (reckoned  to  i  pound  and  i  ^C.)  which  makes 
per  twenty-four  hours  and  per  square  meter  (reckoned  as  hereto- 
fore to  I  kg.  and  1°),  5735  heat  units.  In  a  kiln  of  10  cubic 
meters,  capacity  per  chamber,  the  radiated  heat  for  1000  bricks 
would  amount  to  7.7  X  5375  —  44137  heat  units ;  for  a  chamber 
capacity  of  30  cubic  meters,  there  would  be  5.3  X  5375  or  30,375 
heat  units;  and  for  a  chamber  content  of  100  cubic  meters  only 
3,8  X  5375  =  22,804  heat  units. 

If  no  change  of  air  occurs  in  the  preheating,  as  has 
been  assumed  to  be  the  case,  then  no  evaporation  of  the  water 
contained  in  the  brick  will  be  possible  during  the  heating,  and 
therefore  no  constmiption  of  heat  will  take  place  in  the  form  of 
latent  heat  or  evaporation.  If  we  deduct  the  latent  heat  from 
the  quantity  of  heat  previously  calculated  for  the  heating  of  1000 
bricks  to  45°,  there  will  remain  still  27,747  heat  units  which 
are  necessary  to  effect  the  heating  of  the  bricks  through  30°. 

We  can  see  from  this,  that  with  a  kiln  capacity  of  10  cubic 
meters,  the  radiated  heat  from  the  walls  is  considerably  greater 
in  amount  than  necessary,  and  with  a  kiln  capacity  of  30  meters 
it  is  still  sufficient  to  effect  the  assumed  heating  of  the  kiln  con- 
tents from  15°  to  45®  and  is  too  small  only  in  the  case  of  the 
largest  kiln. 

If  the  heating  and  water-smoking  is  simultaneous  with  a 
change  of  air,  so  that  the  air  is  the  carrier  of  the  ingoing  heat 
and  at  the  same  time  the  carrier  of  the  water  vapor  generated, 
then  the  heat  consumption  is  much  greater  on  account  of  the 
additional  latent  heat  due  to  the  evaporation  of  the  water  than 
when  the  heating  is  accomplished  only  by  the  radiation  of  the 
kiln  walls ;  but  the  quantity  of  heat  thus  obtained  must  in  this 
case  be  deducted  from  the  total  requirement.  In  this  manner  we 
have,  when  the  water-smoking  is  effected  by  direct  fire  or  air,  for 
a  kiln  of 

Chamber  capacity  10  cubic  meters,  64010  heat  units 
Chamber  capacity  30  cubic  meters,  78362  heat  units 
Chamber  capacity  100  cubic  meters,  85933  heat  units 

If  we  calculate  in  the  manner  above  given  the  quantity  of  air 
which  is  necessary  for  the  transportation  of  this  heat,  under  the 


per 

1000 

bricks. 
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assumption  that  the  air  entered  100°  hotter  than  it  went  out,  we 
will  obtain  1852,  2264,  and  2486  cubic  meters,  respectively.  If 
we  compare  these  figures  with  those  which  are  obtained  in  the 
calculation  of  the  air  requirement  for  burning  the  fuel,  we  will 
see  that  in  many  cases  the  air  consumption  in  the  water-smo- 
king process  is  greater  than  for  the  burning  process  itself,  under 
the  asstmiption  that  only  absolutely  air-dry  bricks  are  set,  and 
that  accordingly  one  must  take  into  consideration,  not  only  in 
the  construction  but  also  in  the  operation  of  the  kiln,  that  the 
air  circulation  in  the  water-smoking  compartments  is  to  be  the 
liveliest  possible.  It  is  thus  explained,  how  in  many  cases  the 
water-smoking  and  the  air  flues  which  were  first  built  in  small 
dimensions  proved  to  be  insufficient,  and  made  necessary  the 
simultaneous  use  of  other  appliances,  like  portable  water-smo- 
I  king  furnaces. ,  The  later,  bottom  water-smoking  flues  in  the  HofiF- 

:  mann  kiln,  which  can  be  built  far  larger  than  those  higher  up, 

are  now  able  to  accomplish  the  transportation  of  the  air  and 
heat 

If  we  assume  that,  in  a  filled  kiln,  280  green  bricks  are  set 
in  a  cubic  meter,  and  that  0.6  of  the  space  is  taken  by  these  and 
0.4  by  the  air  spaces,  flues,  and  firing  shafts  between  them,  then 
tlie  space  which  1000  bricks  take  up  in  the  kiln  is  calculated  to 

be  i-^  =  3.57  cubic  meters,  and  the  air  space,  which  remains 

between  the  bricks,  amounts  to  1.43  cubic  meters.  Since  we 
have  seen  above  that  under  the  assumed  quantity  of  moisture 
which  must  be  taken  out  of  the  bricks  in  a  twenty-four  hour  water- 
smoking  period,  respectively  1852,  2264,  2486  cubic  meters  of  air 
which  can  give  up  100*^  of  heat,  must  be  brought  in  contact  with 
1000  bricks,  the  ventilation  must  be  sufficient  to  renew  the 

air  in  the    24  X  60  minutes     ^,^^    =1.28  times  in  the  first 

^  24X60 

case,    ^f,  ^    =1.72  times  in  the  second  case,  per  minute. 
'  24  X  60  '  '  ^ 

For  such  a  vigorous  change  of  air  (which  is  always  to  be 
regarded  as  the  minimum,  since  the  assumption  that  only  air- 
dry  bricks  go  into  the  kiln  is  only  occasionally  carried  out  in 
practice),  sufficient  facilities  exist  in  the  older  kilns,  allowing 
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the  air  to  enter  the  kiln  or  escape  from  it  laden  with  moisture. 
It  is  the  rule  that  in  water-smoking,  not  only  the  fire-holes, 
but  also  the  numerous  holes  in  the  arch,  are  wide  open.  But 
in  the  continuous  kiln  similar  conditions  must  also  be  at- 
tempted, and  practice  has  already  shown  that  a  small  fire  in  the 
door  of  the  chamber,  especially  in  large  kiln  chambers,  as  well 
as  water-smoking  flues  consisting  of  a  few  narrow  conduits  for 
hot  air,  have  often  only  been  partially  successful ;  and  in  the 
use  of  materials  which  are  very  apt,  owing  to  their  physical  and 
chemical  properties,  to  become  discolored,  they  generally  do  not 
exert  any  influence  worth  mentioning. 

But  it  is  evident  from  what  has  been  said,  that  when  air, 
having  a  temperature  difiFerence  of  100°  between  its  tempera- 
ture when  admitted  for  drying  and  when  it  escapes  cooled  and 
saturated  with  moisture,  is  to  be  used,  a  very  complete  use  of  all 
means  must  be  made,  which  will  ser\'e  to  produce  a  movement 
of  air  in  the  kiln  chamber  :  such  means  are  generally  the  chim- 
ney and  dampers  ;  and  it  should  be  laid  down  as  a  rule  that  the 
damper  which  connects  the  chamber,  being  preheated  with  the 
main  draft  flue,  should  be  wide  open  during  the  entire  water- 
smoking  period.  If  we  take  warm  air  from  the  cooling  compart- 
ments, in  which  the  temperature  is  not  very  high,  we  need  not 
fear  an  ill  result  to  the  bricks  from  a  too  rapid  heating  with  the 
small  amount  of  heat  which  dry  air  is  able  to  carry.  Besides, 
one  is  always  able  to  take  the  warm  air  in  the  beginning  from  a 
point  in  the  kiln  where  the  temperature  has  been  lowered  below 
100°,  so  that  in  every  case  a  slow  heating  is  assured. 

If  we  consider  the  different  methods  of  preheating  and  dry- 
ing off  bricks  in  continuous  kilns,  before  they  can  be  brought  in 
contact  with  the  waste  gases  of  combustion  without  ill  effects, 
only  from  the  economic  standpoint,  then  without  doubt  that 
method  stands  first  in  which  the  bricks  are  enclosed  between  two 
dampers,  and  are  heated  by  the  radiating  heat  of  the  kiln  walls, 
without  allowing  a  change  of  air,  to  a  certain  temperature,  which 
must  lie  above  the  dew-point  of  the  fire  gases;  and  we  have  seen 
that  this  heat  under  favorable  conditions,  that  is,  in  kilns  of 
small  dimensions  and  regularly  operated,  is  amply  sufficient  to 
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attain  the  end  in  view.  Still  it  is  always  necessary  to  retain,  as 
far  as  possible,  the  heat  which  the  kiln  walls  must  always  take 
up,  and  not  to  lose  a  great  quantity  of  heat  by  a  too  hasty  re- 
moval of  the  doors  or  by  opening  the  firing-holes  in  the  empty 
or  part  of  the  cooling  compartments.  But  at  this  point  there  is 
the  fact  to  be  taken  into  account,  that  when  the  heat  of  the 
kiln  is  retained  as  much  as  possible,  especially  in  low  arched 
kilns,  the  temperature  of  the  compartments  in  which  the  work- 
men are  compelled  to  stay  is  often  very  high. 

For  this  reason  in  many  places  operations  are  not  carried 
to  the  extreme  utilization  of  heat,  and  water-smoking  either  is 
not  carried  on  at  all  and  the  production  of  good  colors  neglected 
(the  easiest  but  also  the  most  unrational  way),  or  an  extra  amount 
of  fuel  is  used  for  separate  water-smoking,  making  it  more 
pleasant  for  the  workman  and  giving  better  sanitary  conditions. 
The  use  of  water-smoking  flues,  by  means  of  which  all  heat 
which  otherwise  escapes  from  the  kiln  through  the  firing-holes, 
o£Fers  a  successful  mode  of  water-smoking,  without  expense  for 
fuel ;  however  it  requires  more  work  and  more  intelligence, 
as  well  as  greater  care,  if  it  is  carried  out  on  a  large 
scale.  The  use  of  the  water-smoking  flue  offers  the  advan- 
tage, not  to  be  underestimated,  that  the  ventilation  in  the 
chambers  in  which  work  is  carried  on  is  much  stronger  than 
when  only  the  air  necessary  for  combustion  is  drawn  through 
the  kiln,  thus  making  the  conditions  for  working  more  agree- 
able without  causing  any  loss  of  heat  owing  to  the  opening  of  the 
firing  lids.  It  will  be  necessary  to  make  use  of  special  furnaces 
in  the  doors,  or  better  above  the  firing-holes,  only  where  in 
building  the  kiln  no  attention  was  given  to  the  construction  of  a 
water-smoking  flue,  or  where  the  latter  was  built  too  small  for 
conveying  the  very  large  volumes  of  air  necessary,  as  we  have 
seen,  or  again,  where  the  subsequent  introduction  of  such  an 
aid  (the  most  advantageous  location  being  beneath  the  kiln  floor) 
is  not  practical.  These  separate  furnaces  will,  of  course,  give 
rise  to  an  extra  expenditure  of  fuel,  but  when  a  large  volume  of 
air  is  used  they  will  produce  the  same  favorable  results  as  a  water- 
smoking  flue  that  has  correct  dimensions  and  is  properly  operated, 
ao 


Continuous  Kilns  Fired  With  Gas  for  Burning  Clay  Wares 


w.  H.  Zimf  xm,  Ph.D.,  Tkamu^tor 

Mr.  Mendheim,  engineer  of  the  new  gas  kiln  constructed  for 
the  Royal  Porcelain  Factory  at  Charlottenburg,  is  the  author  of 
a  paper  which  appeared  in  No.  i6  of  the  Deutsche  Bauzeiiung^ 
1872,  and  in  which  he  draws  some  comparisons  between  this 
kiln  and  the  continuous  kiln.  I  cannot  entirely  agree  with  him 
in  these  comparisons  which  for  this  reason  I  desire  to  subject  to 
a  further  discussion  in  order  to  clear  up  the  matter  for  the  bene- 
fit of  the  clay  industry. 

It  remains  an  undisputed  fact  that  the  Hoffmann  kiln  has 
led  to  a  momentous  revolution  in  the  clay  industry,  and  espe- 
cially in  the  manufacture  of  brick  in  a  very  few  years.  For  this 
reason  it  is  to  be  classed  among  the  most  important  inventions 
of  modem  times,  economically  considered,  and  it  has  given  its 
inventor  an  honored  name  far  beyond  the  boundaries  of  the 
fatherland.  Not  only  its  extensive  distribution  (800  kilns  at 
the  present  writing)  in  all  branches  of  the  clay  industry,  but 
also  the  fact  that  all  those  kiln  constructions  for  pottery  purposes 
which  appear  of  late,  and  have  as  their  aim  economy  of  fuel, 
follow  more  or  less  closely  the  fundamental  idea  of  the  Hoffmann 
kiln.  However,  in  the  manner  of  firing  and  the  shape  of  the 
kiln  spaces,  great  variations  are  often  found,  conditioned  by  the 
nature  of  the  ware  to  be  burned  or  by  special  results  which  are 
desired  to  be  obtained.  The  foundational  principle  underlying 
the  Hoffmann  kiln  is  the  continuous  fire  progressing  in  a 
closed  ring,  with  maximum  cooling  of  the  fire-gases  and  use  of 
the  heat  stored  in  the  burned  objects  for  preheating  the  air  used 
for  combustion.  The  new  continuous  gas  kiln  evidently  belongs 
to  this  category  of  burning  apparatus. 

The  continuous  kiln  suffers  the  fate  of  all  great  inventions, 
having  at  the  beginning  been  declared  impractical  and  visionary 
by  laymen  and  technical  authorities.  When  finally  the  inventor, 
after  tireless  study  and  great  sacrifices,  furnished  the  proof  that 
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it  was  bound  to  give  the  best  results  in  spite  of  the  technical 
objections  raised  when  operated  properly,  there  were  soon  found, 
on  the  one  hand,  enthusiastic  admirers  and  on  the  other  ignorant 
and  envious  people.  The  latter  class  attacked  him  in  the  lowest 
manner  and  endeavored,  with  the  assistance  of  the  peculiar  con- 
ception of  the  dispute  on  the  part  of  the  Prussian  patent  com- 
mission, to  take  away  from  him  not  only  the  credit  for  the  inv^- 
tion,  but  even  tried  to  show  him  to  the  world  as  one  of  the  most 
despicable  examples  of  a  plagiarist 

I  do  not  include  Mr.  Mendheim  in  this  category  of  enemies 
of  the  continuous  kiln ;  Mr.  Mendheim  has  earned  an  undisputed 
recognition  for  himself  in  the  clay  industry  through  his  studies 
in  the  erection  of  the  new  plants  of  the  Royal  Porcelain 
works,  and  hence  his  views,  since  they  are  of  weight  to  the 
manufacturers  interested,  cannot  be  overlooked. 

In  the  introduction  to  his  paper,  Mr.  Mendheim  refers  to 
the  great  advantages  which  the  Hofihnann  kiln  offers  for  the  pro- 
duction of  common  brick,  but  claims  it  to  be  of  no  value  for  the 
burning  of  better  products,  finer  clay  wares,  face  brick,  and 
even  for  the  better  kinds  of  common  brick  and  clinkers.  He 
advises  that  for  such  products  it  be  replaced  by  the  continuous 
kiln  fired  with  gas  according  to  the  system  of  the  Charlotten- 
burg  porcelain  kiln.  Facts  speak  the  loudest  and  in  order  to 
prove  Mr.  Mendheim  wrong  it  would  only  be  necessary  for  me 
to  mention  to  him  a  long  list  of  plants  in  which  good  building 
and  face  brick  are  produced  in  the  continuous  kiln  ;  I  might  go 
still  farther  and  bring  to  his  attention  the  fact  that  the  famous 
Oldenburg  clinkers  also  are  produced  in  about  half  a  dozen  kilns, 
that  the  stoneware  factories  in  Ziesar,  Belgem,  Goerzke,  Ober- 
glauche  and  Krummnussbaum  use  the  same  system  for  glazed 
products,  that  English  factories  bum  in  it  salt-glazed  fire  clay 
products  and  that  one  of  the  most  important  stoneware  and 
faience  factories  in  Lorraine  is  at  present  building  a  continuous 
kiln  for  burning  in  it  its  products,  enclosed  in  saggars,  after 
tests  made  in  another  kiln  had  furnished  favorable  results. 
This  will  help  to  prove  that  it  is  not  always  necessary  to  lose 
the  great  saving  in  fuel  in  consideration  of  the  quality  of  the 
products. 
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It  cannot  be  denied  that,  of  course*  all  these  factories  had  to 
struggle  with  great  difficulties  at  the  beginning,  as  is  the  case 
with  all  new  improvements,  difficulties  which  the  gas-fired  con- 
tinuous kiln  would  also  meet  in  its  introduction  in  the  porcelain 
and  brick  industries,  and  from  which,  even  to^ay,  a  large  num- 
ber of  brickyards  suffer,  that  are  not  able  to  produce  even  a 
common  brick  of  ordinary  quality.  But  if  the  manufacturer  of 
a  higher  grade  of  products  has  succeeded  in  overcoming  the  diffi- 
culties and  in  the  correct  knowledge  of  the  peculiarities  of  the 
kiln  has  been  enabled  to  find  a  way  which  unites  fuel  economy 
with  the  burning  of  good  products,  it  may  be  expected  that  others 
with  their  lower  grade  products  might  arrive  .at  the  same  result 
after  once  the  necessary  intelligence  which  so  far  has  been  missed 
very  much,  has  taken  its  place  among  the  clay  workers.  But 
at  any  rate  it  does  not  appear  justified  to  give  expression  to  such 
a  sharp  judgment  as  Mr.  Mendheim  does,  now  when  our  indus- 
try is  only  beginning  to  rise. 

The  fault  with  which  the  continuous  kiln  is  reproached  by 
many,  and  which  has  been  especially  brought  out  by  Mr.  Mend- 
heim, is  that  it  is  said  to  be  impossible  to  bum  such  products  in 
this  kiln  which  must  be  of  a  uniform  color,  and  that  hence  it  is 
often  necessary  to  lose  the  advantages  of  the  system  of  continu- 
ous burning  with  direct  firing,  in  order  not  to  lower  the  quality 
of  the  products.  This  may  be  true  for  glazed  ware,  with  the 
use  of  a  fuel  high  in  ash,  but  this  trouble  does  not  occur  in  the 
measure  which  Mr.  Mendheim  imagines,  for  a  sensible  manu- 
facturer will  not  use  peat,  but  a  pure  grade  of  coal  or  wood  for 
the  open  burning  of  glazed  wares,  no  matter  what  may  be  the 
construction  of  the  kilns.  That  reproach  holds  true  only  when, 
as  is  often  done,  the  unreasonable  demand  is  made  of  the  con- 
tinuous kiln  to  produce  the  best  products  with  the  possibly  worst 
fuel  obtainable;  I  believe  Mr.  Mendheim  would  be  perplexed 
by  such  demands,  even  with  the  gas  kiln,  though  not  as  much 
as  with  the  ordinary  continuous  kiln. 

All  the  discolorations  of  the  surfaces  of  brick  burned  in  the 
continuous  kiln  are  ascribed  unjustly  to  the  ashes,  and  though 
this  is  true  for  the  ware  which  comes  in  direct  contact  with  the 
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fuel,  still  this  is  not  the  cause  of  all  the  discolorations,  but  their 
cause  is  for  the  greatest  part  to  be  looked  for  elsewhere.  It  is 
not  difficult  to  prove  that  most  discolorations  on  unglazed  prod- 
ucts are  connected  with  the  nature  of  the  firergases,  and  the 
degree  in  which  the  heat  produced  is  utilized.  This  must  also 
be  true  of  the  gas-fired  continuous  kiln,  unless  the  same  pre- 
cautions are  taken  which  are  necessary  in  the  ordinary  contin- 
uous kiln  and  whose  neglect  makes  itself  felt  in  the  manner 
which  Mr.  Mendheim  considers  inherent  in  the  system.  In 
gasifying  the  fuel,  the  ash  is  removed  from  the  burning  space 
proper,  but  not  all  the  other,  much  more  important,  influences ; 
the  chemical  action  of  the  flame  is  not  changed,  nor  are  there 
removed  the  gaseous  impurities  of  the  fire-gases  evolved  in  all 
furnaces,  since  for  obvious  practical  considerations  the  gases  can- 
not be  purified. 

Whoever  wants  to  take  the  trouble  of  examining  the  sur- 
faces of  a  brick  by  means  of  the  magnifying  glass  or  microscope 
will  be  able,  without  difficulty,  to  recognize  what  discolorations 
have  been  produced  by  ashes  and  those  which  must  be  ascribed 
to  other  causes.  It  will  be  seen  that  all  ashes  which  are  not 
found  on  a  clinker  burned  to  complete  vitrification,  can  be  easily 
recognized  by  their  cellular  structure  or  when  originating  from 
coal,  by  their  slaty,  or  splinter-like,  or  partially  fused  appearance, 
and  can  be  removed  more  or  less  easily  by  rubbing  or  washing. 
The  observer  will  further  perceive  that  non-removable  coatings 
appear  especially  on  such  products  which  possess  a  dense  and 
smooth  surface,  unfavorable  to  the  deposition  of  ash.  This 
is  especially  true  of  machine-made  brick  and  common  brick 
molded  in  water  and  face  brick,  but  never  or  seldom  of  brick 
molded  in  sand,  with  a  rough  surface.  I  would  ask  Mr.  Mend- 
heim to  observe  that  machine-made  bricks  often  have  thick  coat- 
ings on  tlieir  smooth  surfaces,  while  the  depositions  either  are 
slighter  on  the  surfaces  roughened  by  the  wire,  or  are  entirely 
lacking.  Although  these  phenomena  force  us  to  a  more  exten- 
sive study,  still  they  show  with  certainty  even  at  this  stage  that 
in  the  majority  of  cases  the  ashes  are  innocent  of  causing  the 
discolorations  in  question.     Even  the  products  of  the  Flemish 
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and  Lower  Rhenish  brick  industry  so  miserable  in  shape  and 
durability,  which  are  produced  in  clamps  in  direct  contact  with 
the  fuel,  do  not  show  those  striped  discolorations,  not  even  on 
accidentally  produced  clinkers,  which  we  often  find  on  products 
burned  in  more  perfect  kilns.  This  furnishes  the  proof  that  the  ash 
plays  an  insignificant  rdle  in  the  discoloration  of  the  surfaces  of 
unglazed  products.  On  the  other  hand  it  may  be  observed  in 
kilns  of  any  construction  in  which  there  are  found  discolored  or 
clean  colored  face  brick  that  the  surfaces  of  the  brick  are  dusted 
with  the  finest  ash  without  being  damaged  in  regard  to  color. 

Since  it  may  appear  a  venturesome  attempt  to  contrast 
an  apparatus,  concerning  which  the  possibility  of  obtaining  good 
results  has  been  shown  by  a  great  number  of  examples,  with  one 
which,  as  far  as  known  to  me,  has  been  constructed  and  is  oper- 
ated in  but  one  instance,  it  will  be  necessary  to  produce  more 
proofs  for  the  latter,  especially  because  it  has  been  applied  only 
for  the  production  of  the  highest  temperature  at  all  obtainable 
in  technical  works.  But  at  the  same  time  well  founded  objec- 
tions are  admissible  as  to  whether  the  comparatively  low  tem- 
peratures of  the  other  branches  of  the  clay  industry  can  be  dis- 
tributed throughout  the  entire  kiln  space  with  the  same  certainty 
and  uniformity ;  the  question  is,  whether  or  not  the  same  diffi- 
culties of  irregular  heating,  which  are  inherent  in  the  older  kiln 
constructions,  will  show  themselves  here  in  a  still  more  pro- 
nounced degree.  Neglecting  this  objection,  which  can  be  proved 
in  the  wrong  or  be  confirmed  only  by  practice,  it  is  not  difficult 
to  furnish  the  proof  that  all  the  phenomena  of  discoloration  must 
necessarily  appear  in  the  same  manner  with  the  use  of  gas  as 
they  are  attributed  to  the  Ho£Emann  continuous  kiln,  in  so  far 
as  the  principle  of  the  extreme  utilization  of  heat  is  maintained 
and  the  precautions  are  neglected  which  also  must  be  observed 
in  the  ordinary  continuous  kiln.  At  any  rate  it  must  be  admit- 
ted that  the  more  complicated  gas  kiln  is  more  difficult  to  oper- 
ate and  to  regulate  than  the  ordinary  continuous  kiln,  and  the 
latter,  indeed,  ofifers  difficulties  enough  and  puts  the  intelligence 
of  the  workmen  to  a  severer  test  than  the  periodic  kilns. 

If  Mr.  Mendheim  would  inquire  of  manufacturers  of  buff 
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brick  whether  any  kind  of  fuel  could  be  used  in  their  manufac- 
ture, he  would  be  informed  that  the  selection  of  fuel  is  of  the 
greatest  influence  upon  the  color  in  all  kiln  systems,  and  that  it 
happens — ^wood  being,  in  general,  excluded  as  a  fuel — that  in  this 
case  the  fuels  highest  in  ash  (peat  and  lignite)  are  especially 
favorable,  while  coal  only  rarely  permits  the  production  of  uni- 
formly colored  brick.  Coal  gives  rise  to  red  discolorations  on 
the  exposed  surfaces  which  penetrate  frequently  several  milli- 
meters into  the  "clay  mass. 

Not  only  the  red  color  alone,  but  also  the  thickness  of  the 
colored  layer,  excludes  a  priori  ih^  influence  of  the  ash,  and  there 
remains  as  the  only  explanation  of  the  phenomenon  a  chemical 
reaction  of  several  constituents  of  the  fire-gases  upon  the  clay. 
Chemistry  teaches  us  that  all  clays  high  in  iron  which  in  a  cer- 
tain stage  of  vitrification  assume  in  burning  a  yellow  or  white 
color  must  always  contain  an  amount  of  calcium  carbonate  which 
stands  in  a  definite  relation  to  the  iron,  and  that  by  the  forma- 
tion of  a  light-colored  iron-lime  silicate  the  otherwise  red  color 
of  the  brick  due  to  the  iron  oxide  is  hidden.  If  now  the  lime 
on  the  surface  enters  into  another  combination  so  that  it  cannot 
unite  to  form  the  light  colored  compound  mentioned  above,  the 
coloring  power  of  the  iron  will  appear  in  its  full  strength.  This 
case  can  very  frequently  occur  in  practice  and  will  then  always 
be  characterized  by  a  red  coloration,  if  a  stronger  acid  than  the 
silicic  acid  is  brought  in  contact  with  the  lime  during  the  burn- 
ing, and  this  is  accomplished  in  the  easiest  way,  if  at  the  begin- 
ning of  the  firing  water  vapors  can  condense  upon  the  surfaces 
of  the  brick.  In  using  coal  the  fire-gases  formed  are  never  lack- 
ing in  sulphurous  acid  which,  with  the  cooperation  of  hydrogen 
and  oxygen,  likewise  always  available  near  the  objects  to  be 
burned,  converts  the  calcium  carbonate  on  the  surface  to  the  sul- 
phate and  thus  robs  the  lime  of  the  possibility  to  enter  into  the 
light-colored  lime-iron  silicate  combination,  or  removes  this  pos- 
sibility to  a  temperature  beyond  the  practical  limit. 

The  gas  is  not  to  be  considered  as  an  independent  fuel  with 
definite  chemical  properties,  but  its  composition  is  in  the  first 
place  dependent  upon  the  nature  of  the  solid  fuel  from  which  it 
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is  produced,  and  there  will  always  be  found  a  chemical  difEerence 
between  coal,  lignite,  and  peat  gas,  since  with  the  exception  of 
the  solid  residue  all  the  volatile  constituents  of  the  solid  fuel 
are  contained  in  the  gas.  To  these  volatile  substances  there  be- 
long beside  the  carbon,  hydrogen,  oxygen,  and  nitrogen,  also 
sulphur,  and  hence  the  latter,  in  all  processes  where  it  may  ex- 
ert an  injurious  e£Fect,  will  do  so  whether  the  fuel  is  gasified  or 
not. 

A  very  essential  difference  between  the  kilns  operated  con- 
tinuously (which  include  the  gas-fired  continuous  kiln)  and  the 
older  kiln  systems,  consists  in  the  fact  that  the  heat  developed 
in  the  former  is  utilized  to  the  maximum,  and  in  the  last  stage 
serves  to  dry  the  wares  freshly  set  in  the  kiln,  while  in  the 
latter  the  fire-gases  reach  the  outside  after  a  short  passage  at  a 
very  high  temperature,  and  the  drying  or  water-smoking  is  con- 
sidered as  an  independent  operation  at  the  beginning  of  the  burn- 
ing. But  this  economical  use  of  the  waste  heat — and  this  can- 
not be  avoided  by  a  change  in  the  shape  of  the  kiln  or  the  use 
of  a  different  fuel,  not  even  of  gas — ^is  accompanied  with  diffi- 
culties during  water-smoking  which  require  special  precautions 
whose  neglect  will  cause  the  same  consequences  in  the  gas  kiln 
which  are  experienced  in  the  Hoffmann  continuous  kiln  and  all 
its  allied  kiln  systems,  but  which  can  also  be  avoided. 

In  the  kilns  of  older  construction  the  objects  to  be  burned 
come  in  contact  in  the  first  stage  of  burning,  that  is,  in  water- 
smoking,  with  a  large  volume  of  moderately  heated  dry  air 
which  removes  the  hygroscopic  moisture  with  great  ease ;  in  the 
continuous  kiln,  however,  the  quantity  of  air  is  restricted  to  the 
amount  which  just  suffices  to  maintain  the  maximum  firing ;  it 
also  is  not  dry,  but  contains  as  vapor  all  of  the  large  quantity  of 
water  chemically  united  with  the  clay  substance  which  is  ex- 
pelled in  burning.  Now  the  cooling  of  the  moist  fire-gases  can 
be  carried  only  to  a  certain  limit  without  injuring  the  kiln  con- 
tents; if,  on  continued  cooling  by  contact  with  the  freshly 
set  bricks  and  the  absorption  of  heat  conditioned  by  the  constant 
evaporation,  the  point  of  saturation  of  the  air  with  water  vapors 
is  reached  or  exceeded,  then  finally  a  periodic  condensation  must 
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take  place,  and  this  may  occur,  under  conditions  particularly 
favorable  in  this  respect,  to  such  an  extent  that  the  kiln  con- 
tents are  partially  softened. 

If  the  greatest  possible  fuel  economy  is  the  only  aim  in  the 
operation  of  the  kiln,  then  such  a  periodic  condensation  will  be 
'  the  rule  in  the  gas  kiln  like  in  all  other  continuous  kilns,  that 
is,  the  freshly  set  cold  bricks  will  "  sweat "  in  the  moist  atmos- 
phere of  the  water-smoking  chamber,  saturated  with  water  vapor, 
and  every  brickmaker  knows  the  consequences  of  this.  There 
is  produced  on  the  surface  a  whitish,  firmly  adhering  coating, 
and  from  what  has  been  said  above  it  appears  sufficiently  clear 
why  this  takes  place  less  frequently  in  the  older  kilns  than  in 
the  continuous  kiln.  On  examining  the  nature  of  these  coatings 
more  closely  we  will  not  only  be  able  to  recognize  the  reasons 
why  these  are  more  easily  produced  on  the  dense  surface  of  the 
face-brick  than  on  the  rough  surface  of  the  common  brick,  molded 
in  sand,  as  I  have  mentioned  above,  but  we  will  also  be  able  to  find 
means  of  preventing  them  unless  they  have  already  been  pro- 
duced during  the  drying,  which  is  often  the  case.  In  the  latter 
case,  of  course,  the  cause  of  the  discolorations  can  not  be  removed 
by  burning. 

On  examining  the  efflorescence  in  question  with  a  magni- 
fying glass  it  will  appear  as  wart-like  or  scaly  or  blistery  masses, 
quite  similar  in  appearance  to  those  which  are  found  on  air-dried 
as  well  as  on  very  soft  and  very  hard  brick  and  whose  character- 
istics disappear  gradually  only  when  the  clay  has  assumed  the 
vitreous  condition,  that  is,  when  it  is  partially  fused.  Of  what  na- 
ture this  efflorescence  is,  has  not  yet  been  determined  by  chemistry. 
This  is  very  likely  due  to  the  fact  that  a  sufflcient  quantity  of  the 
pure  material  can  be  obtained  only  with  difflculty ;  but  microscopic 
examination  has  shown  that  it  is  not  a  deposit  of  ash,  which, 
when  also  present,  can  be  recognized  with  certainty,  but  that  it 
is  composed  of  residues,  partially  crystalline,  which,  at  one  time 
in  solution,  have  been  deposited  in  the  solid  state  on  the  evapo- 
ration of  the  water  upon  the  surface  of  the  brick.  The  efflores- 
cence may  also  have  been  caused  by  the  residue  left  by  water 
taken  from  the  clay  in  water-smoking  and  condensed  on  the  sur- 


314  SPECIAL  BRANCHES  OP  THE  CLAY  INDUSTRY 

face.  Salts  which  could  produce  such  an  effect  and  which  are 
so  changed  in  burning  that  the  residue  is  not  dissolved  by  water, 
are  plentiful.  Calcium  carbonate  and  calcium  sulphate  are  pres- 
ent in  most  clays  in  such  quantities  that  the  water  in  the  brick 
may  be  considered  as  a  saturated  solution  of  these  salts;  chlorine 
compounds,  especially  salt,  are  hardly  ever  lacking.  Iron  sul- 
phide, a  very  frequent  constituent  of  clay,  decomposes  during 
the  drying  and  together  with  the  other  insoluble  constituents 
forms  ferrous,  aluminum,  and  magnesium  sulphates.  In  ad- 
dition to  this,  on  taking  up  water  during  the  first  stage  of  water- 
smoking,  ammonium  salts,  alkali  salts,  and  sulphurous  and  sul- 
phuric acid,  are  condensed  from  the  fire-gases,  and  if  precautions 
are  not  taken  to  prevent  sucn  a  condensation  a  considerable 
concentration  of  soluble  substances  takes  place  on  the  surface 
of  the  brick. 

On  the  evaporation  of  the  water  all  the  dissolved  substances 
must,  of  course,  remain  in  the  solid  state  and  where  this  takes 
place  will  depend  solely  upon  the  character  of  the  evaporating 
surfaces  and  the  manner  in  which  the  water  is  removed.  With 
a  dense  clay  mass  and  slow  drying  the  evaporation  of  water  can 
take  place  at  the  beginning  only  at  the  surface ;  but  the  fluid 
contained  in  the  pores  will  always  be  able  to  diffuse  towards  the 
interior  and  equalize  its  higher  content  of  salts  from  the  outside 
with  the  lower  of  the  interior  liquid,  till  with  further  drying  the 
pores  open  and  evaporation  with  final  deposition  of  salts  will 
also  take  place  within  the  clay  mass.  With  lean  material  or 
with  a  porous  surface  this  evaporation  in  the  clay  will  take  place 
sooner  and  hence  brick  with  rough  surfaces  are  less  liable  to 
show  efflorescence.  If  evaporation  takes  place  rapidly  or,  still 
worse,  if  owing  to  condensation  on  the  surface  the  pores  are 
again  filled  with  liquid,  diffusion  cannot  take  place  in  the  short 
time  owing  to  the  strong  flow  of  liquid  and  vapors  from  the  in- 
terior and  all  the  substances  dissolved  in  the  water  must  be  de- 
posited on  the  surface  and  the  more  so  the  denser  the  latter  is. 

It  is  thus  seen  that  the  discolorations  caused  in  this  manner, 
and  these  form  the  majority  of  phenomena  of  this  kind,  appear 
in  drying  and  water-smoking,  but  have  nothing  to  do  with  the 
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burning  process  proper.  Unless  the  same  favorable  conditions 
are  created  which  exist  in  the  older  kiln  constructions,  the  use 
of  gas,  even  if  purified,  would  not  be  a  preventative. 

These  ways  have  been  partially  followed  in  the  case  of  the 
continuous  kiln  and  they  have  led  to  the  best  results,  removing 
the  difficulties  which  gave  rise  to  complaints.  If  Mr.  Mendheim 
had  had  opportunity  to  study  the  English  brick  architecture  and 
the  manufacture  of  front-brick  in  Middle  England,  York- 
shire, Chestershire,  and  Leicestershire,  with  their  continuous 
kiln  plants,  without  any  dryers  whatever,  where  the  brick  are 
pressed  from  semi-dry  clay  powder  and  are  trucked  directly  from 
the  machine  to  the  continuous  kiln,  still  producing  pure  colors,  I 
hardly  believe  that  he  would  have  been  tempted  to  make  such 
assertions  as  he  did  in  his  treatise. 

It  is  not  my  intention  to  make  a  comparison  between 
the  Hoffmann  and  the  gas-fired  continuous  kiln  considered  from 
all  sides ;  the  experience  which  has  been  had  with  ga:s-firing 
is  not  yet  sufficient  to  draw  conclusions ;  but  I  cannot  fail  to 
state  that  important  theoretical  considerations  oppose  the  use  of 
gas  for  comparatively  low  temperatures  and  practical  experience 
alone  must  show  how  these  are  to  be  overcome. 

It  is  nevertheless  true  that  the  gas-fired  continuous  kiln  cer- 
tainly has  a  great  future  in  the  porcelain  industry  and  the  branches 
of  the  ceramic  industry  adapted  for  its  uses,  and  we  owe  thanks  to 
the  Royal  Porcelain  Factory  and  especially  to  Mr.  Mendheim  for 
having  made  a  breach  in  this  direction  for  the  benefit  of  private 
industry.  The  difference  between  the  burning  of  porcelain 
and  its  all  leveling  fusion  and  the  manufacture  of  products  with 
a  porous  body  is  so  great  that  the  experience  obtained  in 
the  former  direction  can  be  applied  only  with  the  greatest  cau- 
tion to  other  branches  of  the  clay  industry.  But  until  better 
results  have  been  obtained  in  this  direction,  the  Hoffmann  con- 
tinuous kiln  will  retain  its  place,  which  it  has  won,  in  the  brick 
industry. 
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The  Failure  of  Gas-Firing  at  Greppin 


W.  H.  ZiMMBR,  PB.D.,  TkANSLATOR 

I  have  already  treated  the  Greppin  material  in  a  previous 
paper  which  api>eared  in  the  Noiizblatt^  and  have  on  that  occa- 
sion pointed  to  the  fact  that  continuous  burning  in  itself  offers 
greater  difficulties  in  the  way  of  obtaining  good  colors  than  pe- 
riodic burning,  and  requires  special  treatment  which  was  not 
necessary  with  the  old  kilns,  in  order  that  the  influence  of  the 
fire-gases  may  be  so  directed  that  the  surfaces  are  not  injured  in 
color  by  chemical  or  mechanical  action.  On  this  occasion  I  have 
chosen  as  an  example  the  Greppin  clay,  because  it  belongs  to  those 
which  show  the  influence  of  the  fire-gases  in  a  greater  measure 
than  the  average  clays.  I  will  admit  cheerfully  that  if  in  place 
of  the  Mendheim  gas  kiln  a  Hoffmann  continuous  kiln  had  been 
chosen,  very  likely,  difficulties  would  also  have  been  met  at  the 
banning  which,  however,  would  not  have  been  primarily  due 
to  the  system,  but  to  local  conditions,  to  the  peculiarities  of  the 
clay  and  lignite,  and  which  could  have  been  removed  if  the 
causes  of  the  failure  could  once  have  been  made  clear. 

The  discussions  at  our  conventions  during  the  last  years 
have  given  us  many  opportunities  for  speaking  about  gas-firing, 
and  Mr.  Mendheim,  as  well  as  other  gentlemen  who  have  used 
his  system,  have  made  communications  in  r^^ard  to  its  faults 
and  successes.  I  believe  that  in  using  gas  for  ceramic  purposes 
many  have  been  led  to  erroneous  views,  because  it  was  wrongly 
maintained  that  for  obtaining  a  pure  flame  it  is  only  necessary 
to  gasify  any,  otherwise  unsuitable  fuel,  thus  eliminating  the 
injurious  effects  upon  the  color  of  the  clay.  This  illusion  has 
been  removed  by  practice  in  several  cases  in  a  somewhat  harsh 
manner.  The  attempts  which  have  been  made  to  use  generator 
gas  produced  from  the  best  fuels  (to  which,  in  most  cases,  it  was 
necessary  to  fall  back,  for  the  burning  of  common  brick,  face 
brick  and  terra  cotta,  lime  and  cements),  appear  to  me  to  be 
wrong,  because  there  is  no  absolute  necessity  to  accomplish  with 
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a  complicated  apparatus,  always  connected  with  heat  losses,  what 
can  be  done  better  and  cheaper  by  the  direct  way.  When  good 
coal  is  at  hand  more  is  accomplished,  economically,  by  direct 
firing  in  continuous,  as  well  as  in  periodic,  burning  than 
with  gas-firing.  The  wares  of  the  Siegersdorf  factory  furnish 
proof  that  with  careful  operation  the  higher  class  products  of  the 
clay  industry  can  also  be  produced  in  the  ordinary  continuous 
kiln,  at  the  same  time  taking  advantage  of  the  economic  results 
which  the  continuous  kiln  offers  before  all  other  burning  ap- 
paratus. 

The  main  point  of  gas  firing  in  all  industries  lies  in  the 
utilization  of  low-grade  fuel  which,  on  account  of  its  high  con- 
tent of  ash,  its  content  of  water  and  impurities,  as  well  as  owing 
to  its  form,  does  not  produce  the  required  heat  effect  For  this 
reason  I  shall  regard  gas-firing  as  justified  for  ceramic  purposes 
only  where  local  conditions  point  to  the  use  of  a  low-grade 
fuel  and  where  products  of  greater  commercial  value,  especially 
such  from  which  ashes  must  be  absolutely  excluded  either  owing 
to  the  higher  temperature  required,  or  to  glazed  surfaces,  are 
manufactured.  Formerly,  difficulties  were  met  in  producing  the 
uniform  current  of  gas  required,  but  I  believe  that  now  by  the 
use  of  blowers  these  have  been  removed. 

From  the  very  start  a  correct  conception  of  the  effects 
which  the  separate  constituents  of  the  gas  exert  was  not  had  and 
it  was  believed  that  if  only  the  ash  is  removed  all  discoloring 
influences  are  done  away  with  also.  But  has  really  the  quality 
of  the  fuel  been  changed  by  gasification  ?  Is  there  not  present 
the  same  quantity  of  steam,  volatile  sulphur  compounds,  am- 
monium salts,  alkali  vapors  and  perhaps  of  other  impurities 
which  are  present  when  the  low-grade  fuel  is  burnt  on  a  grate  ? 
And  are  not  the  constituents  mentioned  those  which  exert  the 
most  injurious  effects  owing  to  violent  chemical  reaction,  and 
hence  are  to  be  feared  more  than  the  ash  ?  These  constituents 
cause  the  difference  between  the  flames  of  fossil  fuels  and  wood. 
The  chemical  reactions  of  the  flame  and  especially  the  volatile 
impurities  exert  exactly  the  same  influence  whether  the  low- 
grade  and  impure  fuel  is  burnt  in  the  shape  of  generator  gas  or 
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by  direct  combustion ;  in  fact,  the  effect  is  stronger  with  the 
gas,  as  has  been  shown  by  practice  and  of  which  I  have  con- 
vinced myself  by  corresponding  experiments.  I  believe  that 
satisfactory  results  will  be  obtained  with  gas*firing  only  when 
it  is  possible  to  produce  gas  from  low-grade  fuel,  removing 
from  the  former  the  injurious  constituents  before  introduction 
into  the  kiln.  It  is  my  opinion  that  the  failures  at  Greppin  and 
other  places  are  to  be  leferred  to  this  cause. 

The  fuel  which  is  to  be  considered  mostly  in  regard  to  gas- 
firing  under  the  conditions  of  Northern  Germany  is  first  of  all 
the  earthy  lignite,  and  I  would  like  to  show  the  composition  of 
a  gas  made  from  lignite  by  a  numerical  example.  The  moisture 
of  earthy  lignite  at  the  mine  amounts  to  60  per  cent  of  its 
weight  If  the  coal  is  exposed  to  the  air  the  moisture  content 
is  decreased  but  never  falls  below  25  per  cent ;  at  the  same 
time  it  is  very  dusty ;  and  the  kind  designated  as  dry  coal, 
contains  on  the  average  40  per  cent  of  hygroscopic  water.  Sup- 
posing that  this  lignite  with  40  per  cent  of  water  is  gasified 
under  theoretical  conditions,  that  is,  burnt  to  carbon  monoxide 
by  a  slight  admission  of  air,  the  combined  hydrogen  being 
changed  to  volatile  compounds,  and  the  free  water  evaporated, 
there  is  produced  a  gas  which  beside  nitrogen  contains  26  per 
cent  by  volume  of  steam  and  only  as  many,  25  per  cent,  of  com- 
bustible gases.  As  Mr.  Mendheim  has  given  the  consumption 
of  coal  at  16.5  hectoliters  per  thousand  it  can  be  estimated  how 
much  steam  from  the  fuel  is  added  to  that  which  results  from 
the  chemical  and  hygroscopic  water  of  the  clay  during  the  burn- 
ing, and  practical  experience  has  taught  in  all  branches  of  the 
clay  industry  what  injurious  influence  is  directly  and  indirectly 
exerted  upon  the  products  by  water  vapor. 

When  we  consider  the  coal  consumption  of  16.5  hectoliters 
as  given  by  Mr.  Mendheim  we  arrive  at  a  consumption  of 
about  8  cwt  of  coal  per  thousand,  assuming  the  hectoliter 
of  lignite  to  be  equivalent  to  150  pounds  and  its  heating  value 
to  be  one-third  of  the  average  heating  value  of  coal.  This  quan- 
tity represents  little  or  no  saving  as  compared  with  the  old  kiln. 
The  prospect  of  obtaining  better  colors  does  not  exist  for  the  gas 
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kiln,  and  this  is  especially  true  when  using  fuel  which  has  not 
been  dried.  Hence  there  remains  for  gas-firing  beside  the  utili- 
zation of  low-grade  fuel  also  the  task  of  saving  fuel  and  this  is 
not  accomplished  by  gas  kilns  built  after  the  type  used  at  the 
Royal  Porcelain  Factory. 

I  am  not  an  enemy  to  gas-firing  on  principle,  but  I  am  op- 
posed to  the  Mendheim  kilns  as  far  as  the  brick  industry  is  con- 
cerned because  I  believe  that  they  do  not  offer  the  conditions 
which  permit  very  great  economic  advantages  compared  with 
the  older  kiln  systems.  Gasification  in  itself  is  associated  with 
a  loss  of  heat  and  other  branches  of  industry  have  shown  us  that 
gas-firing  can  show  economic  results  only  when  it  is  connected 
with  regeneration,  that  is,  heating  of  gas  and  air  before  their 
union,  by  the  waste  heat  of  the  furnace.  But  this  is  true  of  the 
Mendheim  kiln  only  to  a  very  limited  extent,  for  only  the  air 
but  not  the  gas  is  preheated.  Furthermore,  the  construction  of 
the  kiln  is  such  that  the  quantity  of  heat  stored  in  the  burned 
ware  and  the  walls  is  much  greater  than  that  which  can  be 
utilized  for  heating  the  air  taken  to  the  fire  and  must  be  allowed 
to  escape  unused.  The  continuous  kiln  ofiFers  in  this  respect 
much  more  favorable  conditions  for  fuel  economy  since  with  the 
same  capacity  at  most  only  half  of  the  masonry  is  to  be  heated 
and  it  would  be  possible  to  preheat  not  only  the  air  but  also  the 
gas.  It  is  my  opinion  that  it  would  be  a  thankful  task  for  tech- 
nologists to  solve  the  problem  how  to  change  the  method  of  firing 
as  practiced  in  ordinary  continuous  kilns  to  firing  with  gaseous 
fuel.  I  am  well  aware  that  attempts  in  this  direction  have  been 
made  for  a  long  time  but  I  believe  that  these  are  not  of  moment 
since  they  are  based  upon  wrong  assumptions  in  regard  to  the 
movement  and  distribution  of  gases  in  the  continuous  kiln.  Of 
late  I  have  worked  upon  this  question  a  good  deal,  in  connection 
with  the  examination  of  the  fire-gases  in  the  continuous  kiln,  and 
I  believe  that  it  is  certainly  possible  to  arrange  the  latter  so  that 
the  uniform  distribution  of  the  gas,  throughout  the  entire  kiln 
space,  throughout  the  entire  vertical  section  and  consecutive  po- 
sitions, may  be  accomplished  and  also  the  preheating  of  the  air 
and  gas  brought  about  before  their  union  takes  place.     In  this 
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way  the  economic  advantages  of  the  ordinary  continuous  kiln 
would,  without  doubt,  be  more  nearly  realized  than  has  been 
possible  with  the  gas  kilns  constructed  up  to  the  present  time. 


The  Firing  of  the  Continuous  Kiln 


W.  H.  ZiMicui,  Pb.Dm  Transuitor 

Keeping  in  mind  the  direction  of  the  current  of  air  in  the  con- 
tinuous kiln  and  the  charging  of  the  fuel  in  a  manner  correspond- 
ing to  the  direction  of  the  draft,  it  is  seen  that  it  is  difficult  to 
distribute  the  fuel  so  that  its  planes  are  perpendicular  to  that  of 
the  flow  of  air.  Here  the  air  is  subject  to  the  eflFect  of  two  forces, 
to  the  effect  of  the  upward  motion  due  to  the  lower  specific  grav- 
ity of  the  heated  air,  and  to  the  horizontal  flow  caused  by  the 
action  of  the  stack.  In  the  different  parts  of  the  kiln  the  condi- 
tions governing  the  movement  of  the  air  are  very  different  also, 
and  for  this  reason  one  or  the  other  of  the  acting  forces  will  pre- 
ponderate and  direct  the  general  direction  of  the  air  current 
The  air  always  enters  the  empty  part  of  the  kiln,  flows  through 
the  kiln  tiinnel  and  strikes  the  objects  which  give  off  their  heat, 
increasing  the  temperature  of  the  air.  Since  in  general  the  kiln 
tunnel  possesses  a  higher,  temperature  than  the  outside  air  the 
latter  on  entering  the  kiln  will  at  first  keep  to  the  kiln  floor, 
flowing  along  it  and  rising  in  the  degree  in  which  it  is  heated 
by  the  contents  of  the  kiln.  When  this  rising  mo\*ement  has 
attained  equilibrium  with  the  horizontal  one  there  will  gradually 
take  place  an  essentially  horizontal  flow  of  air  in  the  parts  of 
the  kiln  which  are  at  maximum  heat  Farther  on  in  the  por- 
tions where  no  more  fuel  is  brought  in  contact  with  the  air, 
cooling  takes  place.  The  resistance,  which  in  the  friction 
through  the  kiln  contents  is  opposed  to  the  movement  of  air, 
becomes  continually  less  the  nearer  the  air  comes  to  the  stack- 
flue.     The  closer  the  air  approaches  the  exit  the  more  will  it  be 
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under  the  influence  of  the  stack,  and  it  will  flow  directly  towards 
it. 

In  the  back  portions  of  the  kiln  a  second  process 
takes  place ;  here  bodies  must  be  heated  which  consume  a  large 
quantity  of  heat  without  being  heated  in  proportion  to  this  heat 
absorption,  since  this  is  utilized  in  removing  great  quantities  of 
water  from  the  ware,  whose  vapors  must  be  taken  from  the  kiln 
by  the  shortest  route.  Supposing  the  back  part  of  the  kiln  to 
be  filled  with  green  bricks  whose  temperature  is  to  be  raised  to 
100°,  we  must  expel  a  quantity  of  water  whose  expulsion  in 
the  form  of  steam  consumes,  without  raising  the  temperature, 
five  times  as  much  heat  as  is  required  to  heat  this  water  to 
100°. 

This  presence  of  moisture  will  cause  a  rapid  cooling  of  the 
air  and  the  latter  will  become  more  or  less  saturated  with  water 
vapor;  the  cooled  air,  laden  with  aqueous  vapor  is,  however, 
heavier  than  warm  and  dry  air,  and  hence  will  keep  to  the  lower 
parts  of  the  kiln,  while  that  portion  of  the  air  which  on  its  way 
had  no  opportunity  to  come  in  contact  with  objects  giving  o£F 
steam,  will  fill  the  upper  parts  of  the  kiln  space.  For  this  rea- 
son we  observe  in  the  last  chambers  quite  a  different  distribution 
of  heat  than  in  those  closer  to  the  fire.  The  gases,  under  the 
effect  of  the  draft  and  the  decrease  of  frictional  resistance,  de- 
scend in  the  lower  part  of  the  portion  of  the  kiln  which  is  being 
fired;  hence  we  observe  that  here  the  heat  progresses  most  rap- 
idly along  the  floor,  but  in  the  water-smoking  chambers  we  find 
the  highest  temperatures  on  top.  It  is  thus  a  phenomenon 
which  at  first  might  appear  puzzling,  and  for  which  an  explana- 
tion is  not  found  at  once,  but  which  becomes  perfectly  clear 
when  one  considers  the  difference  of  the  effect  brought  about 
by  the  flow  of  heat  in  the  already  highly  heated  portions  of  the 
kiln,  and  in  those  in  which  it  comes  in  contact  with  bodies 
giving  off  water  vapors. 

If  fuel  is  thrown  into  the  continuous  kiln  through  a  firing- 
hole  and  the  ware  is  set  in  such  a  way  that  the  coal  does  not  fall 
directly  to  the  floor  but  is  distributed  uniformly  along  the  walls 

of  the  firing  shaft,  thus  making  a  vertical  firing-flue,  it  will 
21 
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be  possible  to  produce  a  uniform  mixture  of  air  and  combus- 
tible matter  in  all  parts  of  the  kiln.  But  if,  from  the  start,  care 
is  not  taken  that  such  a  distribution  can  take  place  the  fuel,  fol- 
lowing the  laws  of  gravity,  will  accumulate  in  the  lower  portions 
of  the  kiln  and  the  combustible  gases  evolved,  which  in  general 
take  the  same  direction  as  the  air,  will  not  be  able  to  mix  with 
the  latter  in  the  desired  degree.  In  this  manner  often  a  more 
intense  heat  is  developed  at  the  kiln  floor  than  was  intended ;  on 
the  other  hand,  air  may  pass  through  the  upper  portions  of  the 
kiln  without  coming  in  contact  with  the  combustible  gases. 
The  air  simply  meets  no  fuel  on  its  way  or  only  an  insufficient 
quantity,  and  the  case  which  I  have  previously  discussed  (that 
a  loss  of  heat  takes  place  in  the  upper  parts  owing  to  excess  of 
air,  and  in  the  lower  parts  owing  to  a  deficiency  of  it)  may 
easily  occur. 

The  production  of  a  uniform  temperature  in  all  parts  can 
be  attained  under  no  circumstances  with  a  horizontal  draft ;  only 
when  care  is  taken  that  the  fuel  is  distributed  throughout  the 
entire  cross  section  in  proportion  to  the  r^^larity  of  the  air 
circulation  will  it  be  possible  to  attain  uniform  conditions  for 
combustion  and  with  them  the  highest  heating  effect.  For  this 
reason  the  many  kiln  constructions  of  the  present  time  must  re- 
sult in  failures  if  they  neglect  these  first  conditions. 

How  is  it  possible  to  obtain  such  a  uniform  distribution  of 
coal  in  the  vertical  direction  when  it  is  the  natural  tendency  of 
the  coal  to  fall  to  the  floor  ?  The  principle  of  distributing  the 
coal  along  the  vertical  walls  of  the  firing-flues  seems  quite  clear, 
but  the  practical  difficulty  is  the  overcoming  of  the  law  of 
gravity.  And  yet  the  fuel  must  be  distributed  as  uniformly 
throughout  the  kiln  as  the  air  which  passes  through  it  I  have 
often  taken  pains  to  examine  plants  which  give  good  results 
with  the  continuous  kiln,  and  theory  was  confirmed  inasmuch  as 
in  such  plants  a  more  or  less  suitable  arrangement  for  the  dis- 
tribution of  fuel  was  found. 

But  in  most  cases,  namely,  everywhere  where  complaint 
was  made  in  regard  to  irregularity  of  burning,  this  complaint 
could  be  traced  back  to  a  lack  of  uniformity  in  the  distribution 
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of  coal ;  and  occasionally  the  most  nonsensical  experiments — of 
course,  without  success — were  undertaken,  while  a  little  knowl- 
edge of  the  subject  in  hand  and  moderate  thinking,  would  have 
readily  led  to  the  right  way. 

In  most  cases  the  kiln  is  so  operated  that  the  air  passes 
through  the  upper  portions  of  the  kiln  without  coming  in  suffi- 
cient contact  with  the  fuel  or  combustible  gases,  and  in  conse- 
quence the  lower  parts  are  as  a  rule  burned  harder.  For  this 
reason,  a  continuous  kiln,  as  I  have  indicated  it  in  principle,  can 
never  be  fired  from  the  bottom,  but  always  only  from  the  top, 
since  the  fuel  must  be  uniformly  distributed  at  the  top  as  well  as 
at  the  bottom,  and  this  can  naturally  only  be  accomplished  by 
firing  from  the  top. 

I  have  often  taken  the  trouble  to  instruct  those  who  work 
with  continuous  kilns,  but  in  nine  times  out  of  ten  they  con- 
tinued to  work  as  they  should  not  have  done,  and  to  this  fault 
must  be  ascribed  the  many  failures  which  have  been  met  in 
the  operation  of  the  kilns.  This  is  especially  true  where  the 
continuous  kilns  came  into  the  hands  of  workmen  who  were  ac- 
customed to  work  with  horizontal  drafts  and  did  not  possess 
sufficient  knowledge  to  transfer  the  experience  obtained  with  the 
old  kilns  to  the  entirely  changed  conditions  of  the  ring  kiln. 
This  does  not  indicate  exactly  a  high  degree  of  intelligence 
among  clay  workers. 

I  shall  show  the  way  of  firing  properly  to  those  who  are 
desirous  of  obtaining  the  best  possible  results,  and  I  shall  indi- 
cate how  the  burning  may  be  carried  on  in  the  most  rational 
manner. 

Let  us  now  consider  the  setting  in  the  continuous  kiln ;  in 
most  cases  the  firing-shafts  are  arranged  in  such  a  manner  that 
a  straight  flue  is  built  up  from  the  kiln  floor  to  the  fire-hole  in 
the  arch.  On  charging  the  coal  into  such  a  flue  a  little  of  it 
will  be  suspended  here  and  there,  but  the  largest  part  falls  to 
the  bottom.  The  necessity  to  distribute  the  coal  has  been  evolved 
independently  by  practice  and  has  been  acknowledged  to  be 
necessary  by  all  intelligent  brickmakers.  But  this  is  ordinarily 
carried  out  in  such  a  way  that  in  the  middle  or  in  one  or  two 
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places  of  the  shaft  a  so-called  "  cross  "  is  allowed  to  project  which 
ofiFers  resistance  to  the  fall  of  the  fuel,  catches  it  and  keeps  it  at 
a  certain  height  in  the  kiln.  Again,  bricks  are  set  in  such  a 
manner  that  they  may  be  turned  over  when  the  parts  of  the  kiln 
below  them  are  burnt  sufficiently ;  in  this  way  the  kiln  floor  is, 
so  to  speak,  gradually  raised.  With  this  simple  arrangement  of 
the  building  in  of  '*  crosses,"  the  trouble  met  with  is  that  they 
either  do  not  operate  at  all  or  too  much.  Either  all  of  the  fuel 
falls  through  and  only  a  small  part  remains  in  position,  or  any 
accident  causes  an  excess  of  fuel  to  be  deposited  at  that  place, 
and  sometimes  all  of  the  fuel  remains  suspended  on  top.  A 
proper  distribution  of  fuel  can  be  carried  out  only  when  suf- 
ficient space  is  allowed  so  that  choking  cannot  occur  in  the 
flue,  and  when  at  the  same  time  a  continued  resistance  is  offered 
to  the  falling  of  the  fuel  which  prevents  it  from  falling  vertically 
and  compels  it  to  jump  from  one  step  to  another.  On  each  step 
but  little  fuel  must  be  deposited  so  that  no  injurious  accumula- 
tions nor  choking  take  place.  This  is  accomplished  in 
such  a  manner  that  through  every  firing-shaft  a  lath  (lo  cm. 
wide  and  i  to  i  )^  cm.  thick)  is  placed,  around  which  the  firing- 
flue  is  built  up  as  wide  as  the  size  of  the  brick  will  permit,  in 
alternating  courses,  a  brick  being  set  close  to  the  lath,  once  in 
front  of  it  and  again  behind  it  In  this  manner  the  firing-shafts 
are  not  only  built  up  uniformly,  making  the  conditions  for  the 
distribution  aild  combustion  of  the  coal  in  them  everywhere 
the  same,  but  they  are  also  wide  enough  to  avoid  danger 
of  choking,  without  however  permitting  the  fuel  to  fall  directly 
to  the  bottom.  For  the  purpose  of  looking  down  to  the  floor  of 
the  kiln  there  remains  a  small  or  narrow  slit  corresponding  to 
the  thickness  of  the  lath,  which  is  to  be  removed  after  finishing 
the  building  up  of  every  shaft 

When  coal  or  any  other  fuel  is  thrown  into  such  a  firing- 
shaft,  it  can  never  fall  directly  to  the  bottom  without  striking 
several  times  and  being  distributed  by  the  projected  brick  towards 
all  sides.  In  some  cases  it  is  desirable  to  use  a  different  ar- 
rangement; i,  e.y  when  the  highest  possible  temperatures  are 
to  be  attained,  and  hence  when  a  very  large  quantity  of  fuel 
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must  be  brought  into  the  kiln.  In  this  case,  on  charging  the 
coal  very  heavily,  there  is  always  danger  that  the  fuel  does 
not  bum  away  as  rapidly  in  places  as  it  should,  and  that  hence 
the  freshly  charged  coal  rolls  over  the  ignited  coal  and 
smothers  the  latter.  In  this  case  one  must  operate  so  that 
continuous  pillars  of  fuel  are  put  up  in  the  kiln,  but  not  so 
they  reach  down  to  the  floor,  because  then  the  circulation 
of  the  air  would  be  cut  off  from  the  lower  flues.  One  proceeds 
in  such  a  manner,  especially  for  the  burning  of  lime  and  cement, 
that  the  firing-shaft  is  made  quite  narrow  in  a  place  in  the  lower 
part  of  the  kiln  and  then  again  widens.  By  throwing  in  larger 
lumps  of  coal  one  can  close  this  shaft  in  the  most  narrow  part 
and  build  up,  so  to  speak,  pillars  of  fuel,  but  at  the  same  time 
one  is  enabled  to  allow  so  much  of  the  ignited  coal  to  drop  to 
the  bottom  of  the  kiln  as  is  necessary  to  produce  the  necessary 
heat  at  that  place,  by  poking  with  a  rod.  With  the  predomi- 
nating horizontal  draft  it  is  by  no  means  necessary  to  charge 
much  fuel  at  the  kiln  floor,  because  the  flame  is  always  directed 
towards  the  latter  and  is  much  stronger  than  is  often  desired. 
Another  reason  is  that  in  the  part  of  the  kiln  space  being  fired, 
which  is  next  to  the  stack  flue,  the  effect  of  the  draft  appears 
more  strongly  than  in  the  other  places  by  forcing  the  flame  into 
the  horizontal  flue.  Since  here  also  the  flame  is  directed  towards 
the  bottom,  a  direct  charging  of  the  coal  to  the  floor  is  in  many 
cases  quite  unnecessary  and  often  only  serves  to  stop  the  air  cir- 
culation at  that  place. 

The  firing  of  the  continuous  kiln  has  often  been  con- 
sidered the  simplest  form  of  direct  gas-firing  possible,  but 
wrongly,  for  it  has  less  in  common  with  the  latter  than  any 
grate  furnace.  All  fuels  on  heating  decompose  at  first  into  gas- 
eous and  in  part  combustible  products  (into  steam,  hydrocarbons, 
hydrogen),  and  the  remaining  carbon  (charcoal,  peat-coal,  and 
coke).  In  gas-firing  the  coke  produced  in  the  first  stage  of  gasifica- 
tion, on  incomplete  combustion  with  a  limited  introduction  of  air 
and  with  a  thick  layer  of  ignited  coal,  is  changed  to  carbon  mon- 
oxide, which  then  is  burnt  to  carbon  dioxide  in  another  place. 
In  grate  furnaces  the  coke  bums  partially  to  carbon  monoxide 
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and  partially  directly  to  carbon  dioxide,  according  to  the  thickness 
of  the  layer  and  the  intensity  of  the  draft.  In  firing  the  continuous 
kiln  the  last  condition  just  mentioned  is  the  rule,  since  the  condi- 
tions for  the  production  of  carbon  monoxide,  the  main  constituent 
of  generator  gas,  are  the  most  unfavorable  possible,  that  is,  spread- 
ing of  the  coal  in  thin  layers  and  small  quantities,  lack  of  intimate 
contact  between  air  and  coal,  and  a  large  volume  of  air.  It  is 
true  that  the  evolution*  of  combustible  gases  takes  place  with 
great  rapidity  directly  after  firing,  since  the  introduction  of  the 
fuel  takes  place  in  very  small  quantities  and  covers  a  large  sur- 
face. This  mode  of  firing  does  not  cool  the  furnace  surface  to 
any  extent.  After  the  completion  of  this  process  the  intensity 
of  combustion  is  decreased  very  much  and  the  remaining  coke, 
whose  quantity  even  with  strongly  bituminous  coal  amounts  to 
50  or  70  per  cent  by  weight,  bums  only  very  sluggishly  notwith- 
standing the  hot  air  used  for  combustion.  This  appears  from 
the  fact  that  it  does  not  assume  an  appreciably  higher  tempera- 
ture than  the  remaining  contents  of  the  kiln  ;  at  least  the  coke 
never  shows  such  a  bright  heat  as  may  be  observed  on  a  grate 
of  a  furnace  supplied  with  cold  air,  where  in  consequence  of  the 
intimate  contact  between  air  and  coal  the  combustion  is  always 
much  more  energetic.  This  sluggish  combustion  of  the  coke 
residue  of  the  kiln,  which  every  practical  man  has  observed,  es- 
pecially in  the  firing-shafts  that  are  dying  out,  explains,  on  the 
one  hand,  that  in  spite  of  heavy  charging,  the  intensity  of  the 
heat  is  at  times  decreased  in  the  continuous  kiln,  and  even  the 
fire  may  go  out  entirely,  and  that  the  accumulation  of  the  un- 
bumt  coal  sometimes  in  large  quantity  is  not  a  very  rare  occur- 
rence ;  on  the  other  hand,  it  explains  that  a  large  quantity  of 
atmospheric  oxygen  always  passes  through  the  kiln  without 
being  used  in  combustion.  It  also  affords  an  explanation  of  the 
fact  that  dark  smoke  can  hardly  ever  be  observed  in  the  stacks 
of  the  continuous  kiln. 

The  air  drawing  through  the  kiln,  progressing  from  one  fire- 
shaft  to  the  other,  is  gradually  robbed  of  its  oxygen ;  but  this 
never  takes  place  completely,  since  only  the  volatile  constitu- 
ents of  the  fuel  bum  easily.     The  remaining  coke  behaves  quite 
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indifferently  in  regard  to  combustion  on  account  of  the  insufficient 
contact  with  air,  so  that  it  is  not  enabled  to  remove  all  of  the  oxy- 
gen of  the  air.  Direct  investigation  has  shown  this ;  and  if  this 
is  true  concerning  the  air  after  it  has  passed  all  the  firing-flues 
charged  with  coal,  it  is  also  true  in  a  still  greater  measure  in 
the  middle  and  back  parts  of  the  kiln  space. 

In  a  previous  communication  I  have  discussed  the  course 
of  combustion  in  a  continuous  kiln  in  which  the  conditions  were 
especially  favorable  for  a  complete  consumption  of  the  oxygen, 
inasmuch  as  large  quantities  of  fuel  were  charged  at  one  time 
in  opposition  to  the  practice  customary  in  the  burning  of  brick. 
These  investigations  in  regard  to  the  nature  of  the  products  of 
combustion  were  undertaken  in  a  continuous  kiln  used  for  the 
burning  of  lime.  It  was  found  that  the  fire-gases  taken  from  the 
parts  of  the  kiln  which  were  at  a  low  heat  were  almost  entirely 
robbed  of  their  oxygen  only  after  the  charging  of  fresh  fuel,  and 
the  content  of  oxygen  increased  very  strongly  after  the  burning 
down  of  the  fire;  hence  half  up  to  two-thirds  of  the  latter  passed  the 
kiln  unconsumed.  An  excess  of  combustible  gases  especially 
of  carbon  monoxide  was  not  observed  at  all.  Further  investiga- 
tions in  a  continuous  brick  kiln  have  shown  that  in  a  kiln  with 
a  moderate  draft  only  one^uarter  to  one-third,  and  with  a  weak 
draft  and  directly  after  firing  only  half,  of  the  oxygen  brought 
into  the  kiln  was  really  used  for  combustion.  For  this  reason 
the  fire-gases  in  the  usual  mode  of  burning  must  be  designated 
as  being  strongly  oxidizing.  The  condition  of  the  kiln  gases 
in  the  continuous  kiln  is  oxidizing  even  when,  after  thor- 
ough ignition  of  the  fuel,  the  draft  is  completely  shut  off,  inas- 
much as  the  coke  contained  in  the  kiln  is  not  able  to  remove 
all  the  oxygen  from  the  weak  stream  of  air  which  under  these 
circumstances  flows  in  at  the  kiln  floor  and  again  draws  back  in 
the  space  beneath  the  arch.  Only  in  the  immediate  vicinity  of 
the  firing-shaft  is  it  possible  for  reducing  gases  to  be  active 
within  a  small  space  directly  after  charging  the  fuel,  and  this 
explains  most  of  the  discoloration  of  the  ware  close  to  the  firing- 
shaft 

While  in  all  other  kiln  constructions  an  excess  of  combusti- 
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ble  gases  in  the  kiln  gases  alternates  with  an  excess  of  oxygen, 
this  change  being  recognized  by  a  periodic  more  or  less  strong 
smoking,  in  the  interior  of  the  continuous  kiln  there  is  present 
on  an  average  an  excess  of  oxygen,  and  only  within  a  very  nar- 
row space  and  with  strongly  flaming  fuel  can  the  efiEect  of  redu- 
cing influences  be  prominent 

Valuable  as  the  ordinary  method  of  firing  the  continuous 
kiln  is  for  producing  smokeless  combustion,  and  great  as  the 
economic  advantages  ofiFered  by  it  are,  still  owing  to  this  very 
fact  it  offers  greater  difficulties  in  the  production  of  uniform 
colors  than  is  the  case  in  other  kilns. 

The  observant  reader  of  the  discussions  concerning  the  effect 
of  the  separate  constituents  of  the  fire^gases  upon  the  clay  and 
the  color  phenomena,  will  readily  notice  what  an  important 
r61e  the  periodically  appearing  reducing  influences  exert  upon 
color;  and  that  especially  in  the  use  of  fuel  containing  sulphur, 
which  applies  to  coal  and  lignite,  in  almost  every  case  the 
reducing  gases  are  the  factor  which  renders  harmless  the 
injurious  influence  produced  by  the  presence  of  sulphur  com- 
pounds. The  reducing  gases  are  also  capable  of  removing  dis- 
colorations  already  produced,  and  in  the  case  of  light-burning 
clays  low  in  iron  they  prevent  the  appearance  of  discolorations 
due  to  free  iron  oxide.  In  the  continuous  kiln  the  reducing 
influences  are  almost  eliminated,  or  make  themselves  felt  only 
locally  in  the  neighborhood  of  the  firing-shafts,  and  for  this  rea- 
son permit  the  discolorations,  due  to  the  presence  of  sulphur  with 
the  always  simultaneous  presence  of  excess  of  oxygen,  in  a  greater 
measure  than  smoking  kilns.  It  is  thus  shown  that  the  pres- 
ence of  smoke  in  the  kilns  of  the  ceramic  industry  has  a  certain 
justification  and  often  is  absolutely  necessary  in  order  to  produce 
the  desired  colors. 

This  explains  the  technical  difficulties  which  are  offered  in 
the  use  of  the  continuous  kiln  for  many  branches  of  the  clay 
industry,  especially  in  the  manufacture  of  terra  cotta.  It  is  now 
necessary  after  knowing  the  cause  of  the  evil  to  find  ways  and 
means  to  render  the  scientific  results  of  practical  use.  We 
would  thus  make  for  the  continuous  kiln  a  larger  sphere  of  use- 
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fulness,  which  it  well  deserves  on  account  of  its  economic  advan- 
tages, so  that  finally  it  will  be  possible  to  make  use  of  this  kiln 
with  a  greater  assurance  of  success,  than  was  the  case  up  to  the 
present,  for  the  manufacturer  of  such  products  for  which  a  pure 
and  uniform  color  is  demanded. 

The  technologist  or  manufacturer  who  is  desirous  of  pro- 
ducing better  products  in  the  continuous  kiln  than  the  average 
products  burnt  with  the  usual  method  of  operation,  will  first  be 
compelled  to  explain  the  possible  causes  of  the  different  coloring 
phenomena  which  so  far  have  offered  the  greatest  difficulty  in 
this  kiln.  Of  course  an  extensive  study  is  necessary,  on  account 
of  the  variety  of  factors  to  be  taken  into  consideration,  and  it 
will  not  be  given  every  one  to  overcome  the  difficulties  met  in  the 
light  of  correct  knowledge  and  without  scientific  help.  This  is  the 
point  in  which  scientific  education  is  often  insufficient  and  where 
practical  experience  can  lead  only  to  an  uncertain  groping,  while 
observation  trained  in  the  field  of  scientific  principles  can  alone 
lead  to  the  proper  knowledge. 

As  everything  in  nature  is  subjected  to  definite  laws  and 
nothing  is  due  to  accident,  so  also  are  the  colorations  of  clay 
subject  to  definite  laws.  It  will  be  necessary  to  determine  clearly 
whether  certain  colors  are  really  the  result  of  the  action  of  the 
fire  alone,  or  whether  they  are  to  be  traced  to  the  drying  and 
water-smoking  process ;  it  will  be  necessary  to  determine  whether 
discoloration  has  been  produced  by  the  efflorescence  of  salts  from 
the  clay  itself,  by  fusion  in  it,  or  by  the  deposition  of  ash  and  con- 
densation due  to  water-smoking ;  it  will  be  necessary  to  know 
what  colors  the  clay  assumes  under  the  influence  of  reducing  or 
oxidizing  gases  at  the  different  temperatures,  under  the  simul- 
taneous presence  or  absence  of  sulphur  compounds,  and  what 
shades  of  color  are  to  be  attributed  to  the  condensation  of  the 
body  due  to  vitrification. 

Accordingly,  a  decision  will  have  to  be  made  in  re- 
gard to  what  fuel  is  to  be  chosen,  whether  one  containing  sul- 
phur, or  free  from  sulphur,  whether  oiie  rich  in  gas,  making  a 
long  flame,  or  one  low  in  gas,  making  a  short  flame,  whether  it 
may  be  used,  wet  or  dry,  whether  it  is  necessary  to  so  set  the 
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ware  that  much  or  little  fuel  can  be  stored  in  the  firing-shaft, 
whether  it  is  necessary  to  bum  with  a  lively  or  slow  draft, 
whether  the  smoking  of  the  chimney  is  to  be  considered  a  fault 
or  a  deficiency  in  burning,  etc.  With  the  great  variety  in  the 
properties  of  clay  it  appears  impossible  to  obtain  a  definite  rule 
concerning  the  operation  of  a  continuous  kiln  in  which  products 
of  a  higher  grade  are  to  be  produced,  and  it  appears  to  me  to  be 
a  mistake  to  formulate  definite  prescriptions  and  so-called  prac- 
tical experiences  which  in  a  special  case  may  be  very  impractical. 

For  this  reason  I  must  deny  myself  the  discussion  of  all 
possible  cases  which  might  only  confuse  the  reader.  I  will  re- 
strict myself  to  showing  in  a  concrete  case,  which  however  often 
returns  in  practice,  what  path  is  to  be  followed. 

Mr.  £.  in  H.  had  built  a  continuous  kiln  in  1875,  in  order  to 
better  meet  competition  of  neighboring  brickyards  favored  by 
local  circumstances,  by  saving  fuel  in  burning.  Inquiries  and 
test  bums  in  other  continuous  kilns  appeared  to  show  with  cer- 
tainty that  the  product,  yellow  front  and  face-brick,  could  be 
burned  in  a  continuous  kiln  in  the  same  quality  which  was 
turned  out  by  the  old  kilns.  The  continuous  kiln  was  built  and, 
with  the  help  of  a  so-called  instruction  burner,  put  in  operation ; 
but  the  bricks  in  this  kiln  were  not  of  a  yellow  color,  but  showed 
all  colors,  green,  yellow,  and  reddish  brown ;  though  they  wete 
harder  and  more  uniform  in  regard  to  hardness,  they  showed 
colors  which  they  had  never  shown  in  the  old  arched  kilns. 

The  first  failure  was  excused  with  the  newness  of  the  kiln 
and  the  moisture,  and  it  was  hoped  for  better  results.  The  water- 
smoking  was  done  with  refined  care,  and  yet  in  vain.  The  result 
remained  the  same,  the  hope  for  improvement  became  constantly 
smaller,  and  experiments  of  all  sorts  were  made  till  nobody  had  a 
clear  conception  of  anything.  One  chamber  furnished  a  few 
hundred,  the  next  a  few  thousand  bricks  of  the  desired  color ;  it 
was  believed  that  the  secret  had  been  unraveled,  but  further 
work  produced  nothing. 

The  Gothic-shaped  brick,  for  obvious  reasons,  could  not 
even  be  used  for  common  brick,  and  rapid  bums  in  the  old  kilns 
had  to  be  made  in  order  to  fill  the  contracts.     All  suggestions  did 
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not  help.  The  storage  space  was  filled  with  rejected  ware,  the  pro- 
prietor continued  to  become  more  discouraged,  the  foremen 
smarter  day  by  day,  the  workmen  lazier  and  more  exasperating, 
and  in  addition  the  competing  firms  made  sarcastic  remarks,  the 
whole  forming  a  picture  which  many  a  reader  will  clearly  ap- 
preciate from  actual  experience. 

The  phenomena  pointed  distinctly  to  the  fact  that  one  dealt 
here  with  the  coloration  of  a  marl  clay  by  volatile  sulphur  com- 
pounds in  an  oxidizing  fire.  In  the  old  arch  kilns  the  clay  had 
assumed  a  straw-yellow  to  a  light  green  color,  with  the  excep- 
tion of  the  top  courses,  which  appeared  flashed  with  a  strong 
red,  and  showed  a  white  coating  at  the  covered  places ;  fused 
black  points,  originating  from  grains  of  iron  sulphide,  did  not 
admit  of  any  doubt  in  regard  to  the  action  of  strongly  reducing 
fire-gases  in  the  old  kiln. 

In  the  continuous  kiln  the  color  of  the  very  hard  burned 
brick  at  the  fracture  was  not  yellowish  or  yellowish  green,  but 
reddish  or  brownish  yellow;  the  surface  of  the  portions  exposed 
in  the  kiln  were  spotted  more  or  less,  red  to  reddish  brown,  on  the 
covered  places  as  well  as  the  interior  of  the  brick ;  the  iron  sul- 
phide grains  had  not  fused  into  black  points  of  slag,  but  formed 
a  loose  red  powder  of  iron  oxide,  thus  indicating  an  oxidizing  fire. 
In  the  erroneous  supposition  that  the  smoke  was  the  cause  of 
the  various  colors,  the  air  was  admitted  for  the  purpose  of  burn- 
ing it  completely  by  loosening  the  firing-covers  during  the  pre- 
heating of  the  kiln. 

Only  in  the  immediate  vicinity  of  the  firing-shaft,  where  the 
brick  had  come  in  direct  contact  with  the  coal  or  where  they 
were  touched  by  the  yellow  flame,  the  brick  showed  the  desired 
straw  color.  The  phenomena  observed  at  the  continuous  kiln, 
as  well  as  on  the  products  of  the  old  kiln,  left  no  doubt  in 
regard  to  the  remedy  to  be  followed  according  to  the  scientific 
determinations  which  were  previously  discussed  in  connection 
with  the  example  of  the  Birkenwerder  marl  clay.  The  reddish 
color  of  the  clay  was  produced  by  the  lack  and  even  the  careful 
avoidance  of  a  reducing  kiln  atmosphere ;  the  red-brown  flash 
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was  to  be  explained  by  the  same  cause  and  the  sulphurous  acid 
originating  from  the  f ueL 

In  order  to  remove  both  difficulties  it  was  only  necessary  to 
fill  the  kiln  space  periodically  with  a  strongly  gaseous,  that  is, 
smoky  atmosphere.  For  this  purpose  all  the  dampers  of  the 
kiln  were  closed,  but  firing  with  coal  was  continued,  using 
larger  quantities  of  coal  than  had  been  customary  in  the  ordi- 
nary burning.  In  consequence,  the  entire  kiln  was  filled  with 
a  thick  black  smoke  which  was  allowed  to  draw  off  through  one 
or  two  open  rows  of  fire-holes  in  the  cooling  part  as  far  as  it 
showed  a  distinct  red  heat,  in  order  to  avoid  a  deposition  of  soot, 
that  is,  a  blackening  of  the  kiln  chambers  that  were  being  cooled. 
The  evolution  of  sulphuric  acid  due  to  this  treatment  with  smoke 
was  so  intense  that  it  was  almost  impossible  to  stay  on  top  of  the 
kiln,  and  another  problem  still  remained,  that  of  properly  dispo- 
sing of  injurious  fumes.  The  charging  of  coal  was  repeated  as 
soon  as  the  kiln  atmosphere  again  had  become  transparent  in  the 
firing-holes. 

After  the  action  of  the  smoke  had  been  continued  for  three- 
quarters  of  an  hour  to  an  hour,  the  ordinary  mode  of  burning  was 
again  resumed,  and  the  same  procedure  was  repeated  at  intervals 
of  eight  hours.  As  the  theoretical  considerations  indicated,  the 
success  was  a  complete  one.  The  color  of  the  brick  throughout 
the  entire  kiln  was  the  required  normal  yellow  color  even  in  the 
interior,  a  color  which  so  far  had  been  obtained  only  in  the 
firing-shaft ;  the  reddish  brown  flashes  and  spots  had  disappeared 
and  the  kiln  to-day  furnishes  face-bricks  as  good  and  as  uniformly 
colored  as  they  have  been  obtained  in  the  old  kilns,  with  a  great 
decrease  in  the  cost  of  burning  and  much  less  waste. 

As  was  done  in  this  case,  the  difficulties  met  with  in  other 
cases  may  often  be  removed  in  some  very  simple  manner,  although 
the  method  chosen  in  this  example  will  not  always  prove  suitable. 
It  is  only  necessary  to  follow  up  the  causes  of  phenomena. 


Notes  on  the  Theory  of  Firinc  the  Continuous  Kiln 


W.  H.  ZUOfBX,  Ph.D.,  TmANSLATOR 

• 

Supplementary  to  the  discussion  of  the  question  ^'  Which  is 
the  better  method  of  firing  the  continuous  kiln,  firing  at  definite 
intervals  of  time  accordingly  as  the  coal  bums,  that  is,  about 
every  fifteen  to  twenty-five  minutes,  charging  all  of  the  firing- 
holes  at  once,  or  firing  every  five  to  eight  minutes,  jumping  two 
rows  of  firing-holes,  and  firing  only  one-third  of  them  at  the 
same  time?  "  Mr.  W.  Olschewsky,  in  the  Deutsche  Toepfer  und 
ZieglerZeitung^  presents  some  communications  in  which  he  treats 
of  observations  regarding  the  composition  of  the  fire-gases  ac- 
cording to  the  methods  of  firing  indicated  above.  The  compo-  ' 
sitions  of  the  fir&gases  communicated  in  his  article  represent 
samples  which  were  taken  )^,  i,and  ij^  meters  under  the  crown 
of  the  arch  of  the  second  chamber,  at  a  low  red  heat,  all  fire- 
holes  being  charged  at  intervals  of  twenty-five  to  thirty  minutes 
and  are  reproduced  in  the  following  table : 


Number 

Dcptiiof 

taking  aam- 

ple  below 

the  arch. 

Meters. 

1 ■         ■       .-         -      — .    ■   - 

Composition  of  the  fire-gHses. 

Time  after 

of 

tctt. 

Carbon 
dioxide. 

Oxygen. 

Carbon 
monoxide. 

Nitrogen. 

firing  in 
minutes. 

I 
2 

3 

4 

5 
6 

7 
8 

9 

lO 

II 

12 

13 
14 

15 
i6 

17 

0.50 
0.50 
0.50 
0.50 
0,50 
I.OO 
I.OO 

I.oo 

I.oo 

I.oo 

I.oo 

I.oo 

1.50 

1.50 
1.50 

150 

1.50 

12.2 
9.0 

5.6 
4.6 

II.4 

8.8 

5.3 
12.0 

9.0 
5.2 
5.0 
3.6 
10.5 
5.4 
4.2 
4.6 
4.0 

8.2 

II. 2 

14.9 

15.7 

8.9 

II. 6 

15. 1 
8.9 

11.4 
15.2 
15.6 
17.0 

9.8 

14.9 
16.2 

15.7 
16.2 

OOOOOOOOOOOOOOOOO 

1 

79.6 
79.8 

79.5 
79.7 
79.7 
79.6 

79.6 

79.1 
79.6 
79.6 
79.4 
79.4 
79.7 
79.7 
79.6 

79.7 
79.8 

I 

5 
II 

23 

2 

5 

13 

I 

5 
10 

16 

31 

2 

7 
12 

22 

28 
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The  course  of  combustion  can  best  be  followed  by  observing 
the  amount  of  free  oxygen  shown  in  the  columns.  Since  the 
atmospheric  air  contains  21  per  cent  by  volume  of  oxygen,  and 
since  from  one  volume  of  oxygen  on  combustion  one  volume  of 
carbon  dioxide  is  produced,  the  approximate  per  cent  of  air  pass- 
ing through  the  kiln  unused  can  be  calculated.  This  percentage, 
in  the  most  favorable  case,  immediately  after  charging  all  the  fire- 
holes,  is  39.1  per  cent ;  this  is  nearly  one-third.  In  the  most  un- 
favorable, after  the  burning  down  of  the  fuel,  it  is  81.9  per  cent, 
or  above  four-fifths.  The  average  of  all  observations  is  62.9  per 
cent,  or  roughly  two-thirds.  In  other  words  in  the  case  observed 
there  passes  through  the  kiln,  on  the  average,  three  times  as  much 
atmospheric  air  as  would  be  theoretically  required  for  the  most 
economical  combustion.  This  is  by  no  means  a  favorable  pro- 
portion which,  however,  is  balanced  by  other  advantages,  u  e.y 
the  utilization  of  the  heat  from  the  cooling  brick  and  the  waste 
gases,  which  results  in  an  actually  economic  mode  of  burning. 

In  firing  one  row  of  feed  holes  at  intervals  of  from  two  to 
three  minutes,  the  per  cent  of  carbon  dioxide  contained  in  the 
fire-gases  amounted  to  6.5,  6.9,  6.7,  6.9,  and  7  per  cent,  thus  aver- 
aging 6.8  per  cent,  which  approaches  the  content  of  carbon  diox- 
ide of  the  preceding  test  whose  average  is  7  per  cent ;  thus  also 
in  this  case  three  times  the  amount  of  air  required  for  theoreti- 
cal combustion  passed  through  the  kiln  and  the  difference  in 
both  cases  is  only  that,  as  was  to  be  expected,  in  the  first  case  a 
fluctuation  around  the  average  value  is  observed. 

Hence,  in  regard  to  the  pyrometric  effect  of  combustion, 
both  methods  may  in  general  be  considered  as  being  equivalent, 
except  when,  owing  to  the  composition  of  the  fuel  used,  the 
fluctuations  in  the  composition  of  the  fire-gases  in  the  first  case 
are  so  wide  that  the  oxygen  of  the  air  disappears  immediately 
after  a  heavy  charge  of  fuel,  its  place  being  taken  by  unbumt 
combustible  gases.  This  case,  as  I  have  already  shown  in  a  pre- 
vious article,  will  occur  the  sooner,  the  more  readily  larger 
quantities  of  volatile  products  are  evolved  by  the  coal ;  that  is, 
the  easier  the  coal  flames. 

According  to  his  experiments  Olschewsky,  however,  believes 
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that  the  method  of  firing  in  very  short  intervals  must  be  pre- 
ferred for  the  reason  that  with  the  greater  fluctuation  in  the 
composition  of  the  fire-gases,  coincident  with  the  first  method  of 
firing,  a  wide  fluctuation  of  temperature  must  go  hand  in  hand, 
thus  causing  fusions  quite  readily  when  the  temperature  has 
almost  reached  the  melting-point  of  the  clay.  Such  an  as- 
sumption can  not  be  justified,  neither  theoretically  nor  practically. 
It  stands  in  contradiction  to  the  experience  in  the  old  periodic 
brick  kilns  in  which  the  fluctuations,  in  regard  to  the  constitu- 
tion and  temperature  of  the  fire-gases,  are  of  necessity  wider 
both  as  to  magnitude  and  time.  The  increase  .of  temperature 
can  never  extend,  according  to  the  table  given,  beyond  the 
time  of  a  few  minutes,  and  at  most  can  exert  an  influence  only 
upon  the  outer  surface  of  the  brick,  while  the  interior  remains 
unaffected.  If  such  an  influence  should  be  considered  of  deter- 
mining importance  (which  I  do  not  consider  justified),  it  would 
tend  to  be  a  favorable  rather  than  an  injurious  influence  upon 
the  quality  of  the  ware,  inasmuch  as  it  would  promote  the  vitri- 
fication of  the  surface  retaining  as  much  as  possible  the  exterior 
shape.  This  will  be  true  in  a  still  greater  measure  the  farther 
the  point  of  incipient  softening  is  removed  from  that  of  complete 
fusion,  points  which  with  many  materials  are  very  far  apart. 
The  view  of  Mr.  Olschewsky,  however,  contradicts  the  practice 
of  burning  vitrified  brick,  which  consists  essentially  in  bringing 
the  temperature  of  the  surface  of  the  brick,  by  firing  as  ener- 
getically as  possible,  rapidly  to  the  melting-point  of  the  clay, 
and  then  allowing  the  temperature  to  fall  slightly  by  allowing 
the  fire  to  bum  down,  in  order  not  to  put  the  refractoriness  of 
the  clay  to  too  high  a  test 

But  if  really  a  theoretical  advantage  of  firing  in  the  short 
intervals  of  about  five  minutes  could  be  proved,  there  is  still  to 
be  considered  the  practical  point  of  view  which  is  opposed  to 
the  carrying  out  of  this  plan  ;  this  is  the  strength  of  the  burner 
which  does  not  permit  him  to  fire  in  short  intervals  of  five  min- 
utes, and  at  the  same  time  observe  the  progress  of  the  bum. 


Calcium  Carbonate  in  Clay,  and  its  Influence  on  the  Properties 
of  the  Latter,  with  Special  Regard  to  the  Manu- 
facture of  Front  Brick 


W.  H.  ZIMMBX,  Ph. Dm  TilAIfSLATOR 

Calcium  carbonate  is  the  most  frequently  occurring,  and  the 
most  important  for  manufacturing  purposes,  of  the  admixtures 
that  are  contained  in  the  ordinary  potters'  and  brick  clay,  and 
which  were  incorporated  with  the  latter  during  the  natural  wash- 
ing process,  to  which  the  clay  owes  its  origin.  Rocks,  free  from 
lime,  which,  through  weathering  and  transportation  by  water, 
are  changed  into  clay,  will  naturally  result,  first,  in  a  clay  free 
from  lime ;  however,  before  the  latter  is  deposited  from  the  wa- 
ter, it  has  many  opportunities  for  mixing  with  calcareous  mate- 
rials. Along  rivers,  or  at  the  months  of  rivers,  the  deposits  do 
not  only  contain  pure  cUyey  mud,  but  also  the  weathering  and 
erosion  deposits  of  calcareous  rocks  and  calcareous  mountains, 
so  that  the  deposition  of  these  materials  occurs  simultaneously. 
Besides,  fresh  water,  as  well  as  the  sea,  is  the  dwelling  place 
of  shells  and  other  animals,  and  also  of  billions  of  microscopic 
animals  of  great  variety,  whose  calcareous  shells,  taken  from  the 
lime  salts  of  the  water,  sink  to  the  bottom  simultaneously  with 
the  clay  mud  of  rivers,  swamps,  lakes,  and  oceans.  In  this  man- 
ner, there  is  added  to  the  clay  not  only  a  very  considerable 
amount  of  lime,  but  conditions  are  favorable  for  the  formation  of 
great  deposits  of  pure  calcium  carbonate  (soft  limestone,  chalk, 
etc.).  The  lime  contained  in  clays  is  chemically  combined  with 
silica  and  alumina  only  to  a  slight  extent.  For  the  most  part,  it  is 
present  as  calcium  carbonate  mechanically  admixed,  and  its  pres- 
ence can  easily  be  detected,  even  by  the  layman,  by  pouring  on 
the  clay  an  acid,  like  sulphuric  acid,  hydrochloric  acid,  or  strong 
vinegar,  when  a  strong  effervescence  will  indicate  the  presence 
of  calcium  carbonate. 

The  view  is  held  by  many  that  clays  which  effervesce 
strongly  on  contact  with  acid,  and  hence  possess  a  considerable 
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content  of  calcium  carbonate,  are  unsuitable  for  the  manufacture 
of  bricks.  However,  this  is  by  no  means  always  the  case. 
When  the  calcium  carbonate  is  present  in  moderate  quantities, 
and  in  a  suitable,  finely  divided  state,  it  is  often  a  very  welcome 
constituent  of  the  clay,  since  in  burning  it  promotes  vitrifica- 
tion ;  but,  on  the  other  hand,  when  the  calcium  carbonate  ap- 
pears in  the  shape  of  larger,  solid  pieces,  that  is,  as  residue  of 
limestone  or  chalk,  or  concretions  of  all  sizes  and  shapes  which 
are  produced  especially  in  the  upper  layers  of  the  clay  deposits, 
by  the  cracking  of  the  latter,  or  through  the  penetration  of  roots 
and  the  flow  of  water  into  the  channels  thus  produced,  then  the 
clay  becomes  entirely  unsuitable  for  all  the  purposes  of  brick- 
making,  except  it  be  washed.  This  is  quite  frequently  true  even 
when  the  grains  of  calcium  carbonate  are  so  small  that  they  can 
hardly  be  recognized  as  such  with  the  naked  eye.  However,  if 
this  compound  of  lime  contained  in  the  clay  is  so  finely  divided 
that  the  small  particles  cannot  be  distinguished  from  the  rest  of 
the  clay  mass  with  the  naked  eye  nor  can  be  separated  by  wash- 
ing, then  it  will  not,  in  general,  exert  an  injurious  influence 
upon  the  clay  except  when  it  is  present  in  very  large  quantities. 
For  this  reason,  when  speaking  of  calcareous  clays,  we  will 
always  understand  only  such  as  contain  the  calcium  carbonate  in 
a  state  of  fine  division,  so  that  it  will  cause  no  spalling  of  the 
ware  after  burning.  As  the  most  extreme  limit  for  the  content 
of  calcium  carbonate  in  clay,  when  considering  the  production  of 
weather-proof  building  material,  may  be  taken  a  content  of  25 
per  cent,  provided  the  ware  is  well  burned.  Occasionally,  clays 
with  30  to  33  per  cent  are  used,  but  if  the  content  of  calcium  car- 
bonate exceeds  this,  the  products  burned  from  such  clays  will 
always  have  a  great  tendency  to  disintegrate  and  to  form  white- 
wash. This  has  been  noticed  with  a  much  smaller  content  of 
lime  whenever  the  temperature  of  burning  was  not  carried  at  least 
to  the  beginning  of  vitrification.  Although  in  this  matter  other 
factors  play  an  important  r61e,  it  may  be  said  that  in  general 
those  brick  clays  which  possess  an  appreciable  content  of  cal- 
cium carbonate,  especially  when  soft  burned,  are  more  subject  to 

the  destructive  agencies  of  the  atmosphere  than  those  free  from 
22 
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lime.  This  experience  explains  why  the  red  burning  clays,  either 
free  from  or  very  low  in  calcium  carbonate,  are  used  for  weather- 
resistant  products,  as  roofing-tile,  while  the  clays  high  in  this 
compound,  ordinarily  burning  to  a  yellow  color,  are  usually  en- 
tirely unsuited  for  this  purpose. 

The  property  of  calcareous  clays,  to  be  in  general  less  re- 
sistant to  the  weather,  is  partially  counterbalanced  in  practice 
by  the  fact  that  they  do  not  possess  a  very  high  melting-point, 
and  hence  are  easily  brought  to  that  degree  of  vitrification  with 
which  they  are  sufficiently  resistant  to  the  effects  of  the  weather. 

Such  a  high  content  of  calcium  carbonate  as  is  shown  by  a 
large  number  of  deposits  of  the  North  German  plains  and  the 
coasts  of  the  Baltic  and  German  Sea  (from  20  to  25  per  cent), 
gives  to  the  clay  many  useful  properties,  although  it  causes,  as 
we  will  see  later  on,  great  difficulties  in  the  process  of  manu- 
facture. Since  the  finely  divided  calcium  carbonate  is  not  a 
plastic  substance,  the  clays  with  a  naturally  high  content  of  it, 
even  when  very  fine  grained,  owing  to  natural  or  artificial  wash- 
ing, are  usually  not  too  plastic  as  a  brick  material,  and  hence, 
in  most  cases  they  require  no  further  additions  of  non-plastic 
constituents.  Nearly  always  they  take  up  water  easily.  They  re- 
quire comparatively  little  water  for  the  production  of  a  mass 
sufficiently  plastic  for  working,  and  in  consequence  of  this,  they 
shrink  but  little  in  drying  and  have  but  little  tendency  to  crack ; 
these  properties  are  all  to  be  ascribed  to  the  finely  powdered  cal- 
cium carbonate. 

Investigations  which  we  made  several  years  ago  for  members 
of  the  German  Clay  Workers'  Association,  who  worked  their  clays 
with  machines,  showed  that  the  clays  in  question  can  be  worked 
into  a  bar  with  a  content  of  from  20  to  24  per  cent  of  water,  in 
terms  of  the  dry  substance,  while  the  clays  of  the  lignite  forma- 
tion, low  in  lime,  and  the  more  recent  ferruginous  clays,  usually 
required  25  to  30  per  cent  of  water  in  order  to  soften  to  a  similar 
plastic  mass,  and  hence  possessed  a  correspondingly  greater 
shrinkage. 

Since  the  calcareous  clays,  on  burning,  not  only  lose  the 
chemically  combined  water  of  the  clay,  but  also  the  carbon  diox- 
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ide,  amounting  to  44  per  cent  of  the  calcium  carbonate  contained 
in  them,  the  brick  made  from  such  products  will  be  the  lighter 
and  more  porous,  the  greater  the  content  of  lime.  At  the  same 
time,  these  clays  show  but  a  very  small  shrinkage  up  to  the 
temperature  at  which  softening  occurs,  owing  to  incipient  fusion. 
Prom  this  point  on,  the  mass  liquefies  very  rapidly  and  loses 
its  shape ;  hence  it  is  more  difficult  than  with  other  clays,  to 
produce  straight  and  sharp  vitrified  brick,  porcelain-like  through- 
out the  mass.  These,  when  once  produced,  are  extremely  re- 
sistant to  the  influence  of  the  weather.  The  clays  do  not  stand 
in  the  fire,  in  technical  parlance ;  this  means,  scientifically  ex- 
pressed, that  the  temperature  at  which  the  softening,  the  clos- 
ing of  the  pores,  and  the  formation  of  a  porcelain-like,  dense 
mass  takes  place,  and  that  at  which  the  clay  liquefies  completely, 
lie  rather  close  together.  In  general,  more  experience  is  re- 
quired than  for  other  less  rapidly  softening  clays,  to  avoid  fusion 
(that  is,  to  produce  good,  straight  and  sharp-edged  bricks).  This 
circumstance  makes  the  manufacture  of  weather-resisting  brick 
from  calcareous  clays  very  difficult,  and  hence  it  is  often  neces- 
sary, in  order  to  keep  within  the  required  shapes,  to  work  with 
temperatures  that,  though  giving  to  the  brick  the  characteristic 
yellow  color  which  indicates  the  vitrification  of  the  lime  with 
the  other  constituents,  does  not  do  away  with  the  earthy,  strongly 
absorbent  fracture.  Products  of  this  kind,  often  and  erroneously 
called  face  clinkers,  form  the  main  contingent  of  the  light-col- 
ored brick  material  used  in  Northern  Germany  for  facing  fronts, 
although  their  great  porosity  makes  them  very  unsuitable  for 
this  purpose.  When  not  properly  burned,  on  account  of  a 
peculiar  brittleness  inherent  in  calcareous  bodies,  they  ofiFer  but 
little  resistance  to  the  northern  climate.  Besides  this,  they  soon 
become  gray  and  black,  owing  to  the  strong  absorption  of  water, 
dust,  and  soot  floating  in  the  air ;  or  surface  discoloration  is 
caused  by  the  growth  of  low  plant  vegetation,  microscopic  or- 
ganisms, etc.,  giving  rise  to  yellowish  green  or  bluish  green  dis- 
colorations.  These  are  defects  which  can  be  avoided  only  by 
hard  burning,  so  that  the  product  becomes  quite  dense ;  this, 
however,  with  very  calcareous  clays,  is  practically  not  possible 
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without  a  very  great  decrease  in  volume  and  a  great  change  in 
shape  connected  with  this,  at  least  for  the  purposes  of  unplastered 
buildings. 

When  the  extensive  deposits  of  calcareous  clays  of  the 
North  German  plain  are  mentioned  as  a  specially  suitable  ma- 
terial for  the  manufacture  of  clinkers  (the  German  and  Eng- 
lish term  for  vitrified  paving  brick),  and  the  hope  is  thus  ex- 
pressed that  clinkers  might  be  used  more  in  our  buildings,  ex- 
posed as  they  are  to  a  northern  climate,  this  might,  at  first  sight, 
appear  as  a  correct  statement  However,  on  examining  the  pe- 
culiarities of  the  raw  materials  more  closely  it  will  be  found  that 
the  limited  use  of  clinkers  in  building  is  not  only  due  to  the 
oft-mentioned  lack  of  understanding  on  the  part  of  the  architects 
and  builders  and  the  lack  of  technical  knowledge  on  the  part  of 
the  brickmaker,  but  is  largely  due  to  the  difficulties  offered  by 
the  clays.  These  difficulties  make  it  impossible,  for  obvious 
commercial  reasons,  to  raise  the  burning  temperature  higher  than 
is  necessary  to  give  to  the  brick  the  hardness  required  for  trans- 
portation and  use. 

It  is  true  that  a  content  of  lime  in  a  clay  is  an  especially 
good  means  of  promoting  glassy  combinations  in  burning,  which, 
so  to  speak,  penetrate  the  clay  mass  and  make  it  resistant  to  the 
action  of  atmospheric  attacks.  However,  one  must  never  forget 
that  the  calcium  carbonate  does  not  only  give  to  the  clay  the 
useful  lime  but,  with  the  latter,  also  carbon  dioxide.  It  is  the 
neglect  of  this  consideration  which  gives  rise  to  many  futile 
practical  attempts.  Clinker  materials,  whose  good  quality  has 
been  recognized  (for  instance,  the  Oldenburg  products  and  those  of 
Schwarzehuette,  which  aroused  the  interest  of  all  experts  at  the 
Berlin  Building  Exposition),  lose  on  burning  only  3  to  4  per  cent 
of  chemically  combined  water,  which  leaves  pore  spaces  that,  at 
a  sufficiently  high  temperature,  are  filled  out  without  an  appre- 
ciable change  in  volume,  leaving  a  perfectly  dense  mass.  In 
these,  the  cementing  is  produced  by  fragments  of  easily  fusible 
minerals,  while,  on  the  other  hand,  the  content  of  lime  is  to  give 
rise  only  to  the  formation  of  very  fusible  silicates.  In  the  cal- 
careous clays,  the  loss  in  weight  is  much  more ;  in  those  which, 
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in  consequence  of  their  content  of  lime,  assume  a  yellow  and 
later  on  a  green  color,  it  is  seldom  less  than  1 2  per  cent  of  the 
dry  weight,  often  even  16  to  18  per  cent,  due  to  the  chemically 
combined  water  and  carbon  dioxide.  Without  causing  a  consid- 
erable shrinkage  at  a  moderate  temperature,  these  volatile  con- 
stituents first  produce  a  looseness  of  structure  and  porosity ;  on 
heating  the  clay  up  to  softening,  the  spaces  produced  by  the 
removal  of  the  volatile  constituents  must  be  filled  out,  and  if 
these  spaces  represent  a  large  volume,  this  can  only  take  place 
under  a  corresponding  decrease  of  the  external  dimensions.  If, 
for  this  reason,  the  burning  temperature  is  to  be  raised  to  a  point 
at  which  a  brick  material  is  produced,  which  is  resistant  to  all 
attacks  of  the  weather,  the  changes  in  volume  in  very  calcareous 
clays  are  so  large  and  the  practical  difficulties  so  great  that,  owing 
to  this  reason  alone,  the  use  of  the  material  for  building-brick 
must  be  given  up.  If  really  weather-resisting  products  are  to 
be  obtained  from  calcareous  materials,  the  content  of  lime,  owing 
to  the  great  shrinkage  in  burning  connected  with  it,  must  not  ex- 
ceed a  certain  limit.  It  will  not  be  far  amiss  to  consider  as  the 
maximum  permissible  amount,  a  content  of  12  to  15  per  cent  of 
calcium  carbonate,  a  quantity  which  is  hardly  sufficient  with  many 
clays,  especially  those  high  in  iron,  to  produce  the  desired  yellow, 
or  yellowish  green  color  of  the  brick ;  but  this  content  of  lime 
is  often  exceeded  in  order  to  produce  the  yellowish  green  color, 
to  the  disadvantage  of  the  weather-resisting  power. 

Another  peculiarity  of  the  calcium  carbonate  which  is  to 
be  especially  considered  in  the  manufacture  of  face-brick  and 
terra  cotta,  is  the  one  already  indicated,  of  imparting  to  ordinary 
brick  clays  a  yellow  or  yellowish  green  color.  This  color,  like 
the  ordinary  red  color  of  the  clay,  is  to  be  ascribed  to  the  never- 
lacking  content  of  iron  oxide.  In  brick  clays  free  from  lime, 
the  iron  oxide,  according  to  its  quantity  and  the  intensity  of  the 
burning  temperature,  produces  a  pale  to  dark  red  color ;  if  such 
a  clay  is  blended  with  calcium  carbonate  by  washing,  after  add- 
ing a  sufficient  quantity,  a  yellow  burning  clay  will  be  produced. 
According  to  direct  experiments,  this  yellow  coloration  appears 
most  distinctly  when  the  clay  contains,  for  i  per  cent  of  iron 
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oxide,  at  least  3  to  3.5  per  cent  of  calcium  carbonate.  The  yel- 
low coloration  appears  at  the  lower  burning  temperatures  and  grows 
constantly  brighter  the  more  the  content  of  calcium  carbonate 
exceeds  this  minimum.  It  is  produced  only  at  the  higher 
temperatures  and  becomes  the  darker,  changing  to  yellowish 
red  or' yellowish  brown  the  more  the  lime  approaches  the  given 
ratio.  If  the  content  of  lime  is  low,  it  may  be  capable  of  chan- 
ging the  red  color  of  the  clay ;  but  it  will  not  be  possible  to  pro- 
duce a  pure  yellow  color  in  burning  and  there  results  the  indiffer- 
ent, undesirable  blending  of  colors  shown  by  most  of  the  ordi- 
nary bricks  which  are  entirely  unsuitable  for  facing  buildings. 

Prom  this  it  appears  that  the  main  purpose  of  the  manufac- 
ture of  face-bricks,  which  is  so  often  solely  the  production  of 
pure  colors,  is  readily  attained  only  with  clays  in  which  the 
lime  is  either  entirely  lacking,  or  its  content  is  so  low  that  it 
can  not  exert  an  essential  influence  upon  the  red  color  of  the  iron 
oxide,  or  when  it  is  so  large  that  the  red  color  is  readily  changed 
to  yellow.  That  the  latter  extreme  tempts  the  manufacturer 
only  too  readily,  in  many  cases,  to  neglect  the  conditions  of  the 
highest  possible  weather-resisting  power,  has  already  been  indi- 
cated above. 

When  I  made  the  statement  that  the  yellow  color  is  produced 
with  ease  only  with  as  high  a  content  of  lime  in  the  clay  as 
possible,  I  did  not  mean  that  the  same  result  could  not  be 
attained  (to  a  certain  degree,  using  special  precautions),  with  clays 
containing  but  a  moderate  content  of  lime,  which  I  have  desig- 
nated as  being  the  most  desirable  for  the  manufacture  of  clinkers 
under  the  existing  conditions.  The  discussion  of  this  question, 
to  which  but  little  attention  has  been  paid,  will  be  reserved  for 
a  further  communication. 


Note  on  Brick  Colors 


W.  H.  ZlMM B&,  PB.D.,  TrANSLATOK. 

The  appearance  of  red  discolorations  on  yellow  bricks  is  a 
phenomenon  which  is  not  an  infrequent  one  to  the  sorrow  of  the 
manufacturer.  I  have  in  my  possession,  two  yellow  bricks,  the 
one  having  come  from  the  brickyard  of  Mr.  Hecht,  in  Neuhof 
near  Stralsund,  the  other  from  Szegedin,  in  Hungary.  Both 
show  a  red  crust  on  the  surface.  The  phenomenon  in  this 
case  took  place  to  such  a  depth,  that  it  is  possible  to  col- 
lect a  sufficient  quantity  of  the  material  and  to  determine, 
by  analysis,  the  cause  of  the  trouble.  Samples  of  the  crust  and 
of  the  yellow  core  were  examined,  and  from  the  di£Ference  in  the 
composition  of  the  cnist  and  the  core  the  cause  of  the  difference 
in  color  has  been  determined.  Before  I  begin  to  explain  the 
phenomenon,  I  shall  consider  briefly  the  conditions  which  cause 
the  coloration  of  the  burned  clay.  On  examining  a  clay  anal- 
ysis, one  finds  mentioned  nearly  always  the  same  constituents : 
silica,  alumina,  iron  oxide,  lime,  magnesia,  potash,  soda,  sul- 
phuric acid,  carbon  dioxide,  small  quantities  of  manganese,  and 
of  phosphoric  acid  and  water.  These  ingredients  must  be 
made  responsible  for  the  coloration  of  the  clay  products,  unless 
it  is  produced  artificially  through  the  addition  of  different  me- 
tallic oxides,  as  the  oxides  of  chromium,  uranium,  manganese, 
copper,  etc.  When  only  the  constituents  naturally  belonging  to 
clay  are  considered,  of  the  entire  series  of  ingredients  mentioned, 
only  the  iron  oxide  can  be  made  responsible  for  the  many  varia- 
tions in  color  shown  by  the  burned  clay  products.  It  is  known 
that  the  color  goes  through  all  the  variations  from  white  through 
yellow,  orange,  red,  blue,  brown,  up  to  black ;  all  these  colors 
are  produced  by  the  combinations  of  iron.  This  might  appear 
wonderful ;  we  are  accustomed  so  much  to  look  for  a  definite 
effect  from  a  definite  cause  that  it  appears  almost  incredible, 
when  we  at  once  ascribe  to  a  single  ingredient  the  most  varied 
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e£Fects  in  color.  In  proof  of  this  statement  I  want  to  call  atten- 
tion to  the  pure  kaolins ;  these,  after  burning,  possess  a  white 
color,  as  we  find  it  in  porcelain.  The  ordinary  bricks  possess 
a  red  color ;  but  there  are  also  yellow  bricks  in  many  variations. 
I  have  explained,  previously,  how  the  blue  paving  tiles  are  manu- 
factured in  Holland,  and  I  have  traced  the  color  back  to  the  iron. 
At  present  I  am  working  with  a  clay  from  Ziesar,  which  is 
used  there  as  a  slip  glaze  for  a  refractory  clay,  one  which  is 
rather  high  in  iron,  and  which,  when  burned  over  the  Bunsen 
burner,  produces  a  red  color.  When  I  heated  this  clay  stronger 
over  a  blast-lamp  till  it  fused,  it  show^ed  a  blue  color.  The 
glaze  of  the  pottery  for  which  it  is  used  is  yellowish  brown. 
The  same  substances  can  thus  produce,  at  one  time  a  red,  a  blue, 
and  again  a  yellow  color.  When  it  is  said  that  all  these  colors 
are  caused  by  the  same  substance,  one  is  reminded  of  the  ma- 
gician who  pours  from  the  same  bottle,  red  or  white  wine; 
still  there  exists  here  a  definite  law,  and  the  chemist  is  right 
when  he  says  that  all  these  colors  are  caused  by  the  compounds 
of  iron. 

The  iron  has  di£Ferent  degrees  of  oxidation ;  namely,  the 
ferrous  oxide,  the  ferric  oxide,  and  standing  between  both  the 
ferrosO"f erric  oxide.  Who  has  not  seen  iron-rust  ?  It  is  a  com- 
pound of  iron  oxide  and  water.  Neglecting  the  content  of 
water,  there  are  contained  in  it,  28  parts  of  iron  and  1 2  parts,  by 
weight,  of  oxygen.  The  ferrous  oxide  is  less  known  because  it 
is  not  ordinarily  found  in  nature.  It  consists  of  28  parts  of  iron 
and  8  parts  of  oxygen,  and  between  both  there  is  the  ferroso- 
f erric  oxide,  which  consists  of  28  parts  of  iron  and  10  parts,  by 
weight,  of  oxygen.  These  different  oxides  form  with  silica 
quite  differently  colored  compounds.  In  this  manner  the  ferric 
oxide  produces  especially  the  yellow  and  the  red  colors,  the  fer- 
rous, the  blue  and  green,  those  of  the  ferroso-ferric  oxide  being 
between  these  limits.  According  to  the  mixtures  of  these  oxides 
the  most  variously  blended  colors  are  produced. 

In  regard  to  the  other  ingredients  contained  in  clay,  the 
manganese  alone  need  be  considered,  it  giving  rise  to  a  brown 
color.     Since  it  exists  in  a  clay  only  in  very  small  quantities, 
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together  with  the  iron,  we  may  neglect  completely  the  efiEect  of 
the  manganese ;  it  tends  to  produce  only  shades  or  tints.  AH 
the  other  substances  contained  in  clay  are  not  coloring  in  them- 
selves, but  they  may  play  a  r61e,  in  so  far  as  they  influence  the 
efiFect  of  the  iron  compounds.  Lime,  especially,  is  capable  of  com- 
pletely neutralizing  the  coloring  e£Fect  of  iron.  Many  insist  that 
magnesia  does  the  same  but  sufficient  experiments  in  regard  to 
this  have  not  yet  been  made.  In  explaining  the  phenomenon  of 
red  flash  on  yellow  brick,  the  lime  plays  an  important  part.  It 
is  known  that  when  a  yellow  burning  clay  is  heated  to  the  tem- 
perature which  suffices  to  expel  the  chemically  combined  water, 
the  clay  assumes  a  red  color ;  when  the  temperature  is  raised, 
the  color  changes  through  white  into  yellow  and  orange  till 
finally,  on  vitrification,  the  color  becomes  green. 

If  we  now  ask  how  it  is  possible  that  the  red  color  due  to 
the  iron  is  neutralized  by  the  lime,  the  investigations  concern- 
ing this  point  have  not  yet  afiForded  a  perfectly  definite  conclu- 
sion. Prof.  Kernels  thinks  that  a  double  silicate  of  iron  and 
lime  is  colorless;  but  it  could  also  be  assumed  that  another 
combination  is  formed  in  this  yellow  brick  clay,  analogous  to 
the  coloring  constituent  of  the  cement.  This,  though  not  proved, 
has  been  made  quite  probable  through  the  investigations  of  Dr. 
Michaelis,  who  endeavored  to  show  that  the  coloring  substance 
in  Portland  cement  is  a  combination  of  iron  oxide  and  lime. 
This  compound  is  olive-green.  If  thus,  the  heat  of  the  kiln  is 
sufficient  to  render  the  lime  active,  this  compound  will  be  easily 
formed. 

If  the  question  be  asked,  why,  with  a  green  coloring 
combination,  a  white  stage  of  color  could  exist,  the  following 
might  serve  as  an  explanation.  If  one  considers  that  the  red  be- 
comes gradually  pale  and  turns  to  green,  and  that,  as  is  well 
known,  green  and  pink  are  complementary  colors  (that  is,  when 
blended  produce  white),  it  appears  plausible  that  the  transforma- 
tion stage  is  white,  and  that  the  green  color  appears  more  dis- 
tinctly only  at  a  higher  heat.  All  of  the  lime  has  become 
active  and  the  last  trace  of  red  has  disappeared,  and  only  the  green 
color  of  the  iron  oxide  compound  is  visible. 
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This  matter  is  not  definitely  settled,  but  so  much  is  known 
that  in  order  to  take  away  the  coloring  power  from  a  definite 
quantity  of  iron  oxide,  a  definite  per  cent  of  lime  must  be  present 
in  the  clay.  It  can  be  said  that  for  from  4  to  5  per  cent  of  the  iron 
oxide  in  a  clay,  about  10  per  cent  of  calcium  carbonate  is  required 
in  order  to  do  away  with  the  red  color.  We  might  ask,  now : 
How  is  it  possible  that  with  a  yellow  burning  clay  which  has 
been  exposed  to  the  temperature  necessary  to  produce  the  iron 
lime  silicate,  or  the  iron  lime  compound,  a  red  color  can  again 
appear  on  the  surface  ?  The  analyses  of  the  brick  mentioned 
above  have  shown  that  the  yellow  core  from  the  brick  from 
Neuhof  contains  a  5  per  cent  of  sulphuric  acid,  while  the  red 
crust  contains  9  per  cent  of  it  The  other  brick  from  Szegedin 
shows  this  difference  between  core  and  crust  still  more  strikingly. 
While  the  core  contains  about  0.75  per  cent  of  sulphuric  acid,  the 
content  of  sulphuric  acid  in  the  crust  has  increased  to  almost 
20  per  cent 

This  is  highly  interesting.  To  the  chemist  it  appears  at 
once,  that  in  this  case  the  red  color  is  bound  to  appear  again, 
since  sulphuric  acid  and  lime  together  form  calcium  sulphate, 
and  the  temperature  which  is  used  in  burning  the  brick  to  a 
yellow  color  is  not  high  enough  to  decompose  the  sulphate.  The 
lime,  having  been  fixed  by  the  sulphuric  add  and  rendered  inert 
for  the  further  chemical  processes  at  this  temperature,  can  only 
be  considered  as  a  neutral,  non-plastic  material. 

The  lime  cannot  enter  into  chemical  combination  with  the 
iron,  since  it  is  bound  by  sulphuric  acid.  Hence  the  red  color  of 
the  iron  must  again  come  into  prominence.  The  fact  that  the 
sulphuric  acid  exists  in  the  crust  can  hardly  be  explained  in  any 
other  way  but  that  it  has  come  from  the  fuel.  This  takes  place 
in  all  brickyards  and  cannot  be  attributed  to  any  accidental 
causes.  It  is  known  that  nearly  all  fuel  contains  sulphur,  es- 
pecially coal.  The  content  of  iron  sulphide  in  coal,  which 
is  the  real  source  of  the  sulphuric  acid,  is  sometimes  considerable, 
so  there  can  be  no  doubt  that  large  quantities  of  sulphur  can 
be  taken  from  the  fuel  to  the  brick.    . 

How  can  we  avoid  the  admission  of  sulphuric  acid  and 
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with  it  the  discoloration  of  our  brick  ?  The  formation  of  sul- 
phuric acid  cannot  take  place  when  no  water  vapor  is  present ; 
hence,  attention  is  again  to  be  given  the  water^moking  process. 
It  is  to  be  advised  that  the  brick  be  set  in  the  kiln  as  dry  as  pos- 
sible, and  that  for  water-smoking  a  fuel  is  used  which  contains 
little  or  no  sulphur.  If  this  is  done  the  trouble  cannot  occur. 
First,  sulphur  dioxide  is  formed,  which  in  this  case  exerts 
no  influence  ;  but  when  the  sulphur  dioxide  can  change 
to  sulphur  trioxide  and  then  come  in  contact  with  water 
vapors,  sulphuric  acid  is  formed.  Practical  men  frequently 
shrug  their  shoulders  when  speaking  of  the  theoretical  men,  be- 
cause the  latter  do  not  possess  the  knowledge  of  the  routine 
work ;  but  in  this  case  it  has  been  possible  not  only  to  deter- 
mine by  a  simple  analysis  the  cause  of  a  phenomenon  so  trouble- 
some to  practice,  but  also  to  show  a  way  in  which  discolor- 
ations  may  be  avoided. 


The  Natural  Colors  and  the  Discoloratlons  of  Light- 
Colored  Bricks 


w.  H.  ZiicMBR,  Ph.D.,  Translator 

Where  the  problem  to  be  met  is  the  production  of  bricks 
which  are  to  be  used  for  the  exterior  facing  of  buildings,  the  fact 
must  always  be  considered  that  their  color  must  at  least  be  within 
definite  limits,  not  too  far  apart,  and  must  be  uniform  within 
this  range.  Although  a  certain  monotony  in  appearance  is 
avoided  when  the  separate  bricks  difiFer  by  slight  shades,  yet  on 
considering  the  separate  brick  as  a  whole  it  must  always  be  one 
color,  and  sharp  contrasts  are  caused  if  the  differences  in  shade, 
which  are  not  pleasing  to  the  eye,  occur  on  one  and  the  same 
brick. 

For  this  reason  the  question,  in  r^^ard  (i)  to  the  produc- 
tion of  brick  colors,  (2)  to  the  conditions  under  which  discol- 
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orations  and  efflorescences  are  produced,  and  (3)  to  means  of 
controlling  the  colors  of  the  brick,  has  become  such  a  burning 
one  that  it  has  given  rise  continually  to  extensive,  but  often 
fruitless  and  expensive,  experiments  with  di£Ferent  kiln  eonstruc- 
tions,  fuels,  etc.  Although  the  following  observations  and  ex- 
aminations are  not  exhaustive  enough  to  give  a  complete  answer 
in  this  direction,  still  they  will  serve  to  throw  some  light  upon 
this  topic,  so  little  cultivated  from  the  scientific  standpoint,  and 
to  encourage  further  investigation  and  observation,  which,  as  far 
as  I  am  concerned,  are  far  from  complete. 

The  light-colored  brick  especially  give  the  brickmaker  great 
trouble  in  regard  to  body  and  surface  colors,  and  for  this  reason 
they  will  be  given  particular  consideration. 

Although  in  the  discussion  of  the  causes  of  the  brick  colors 
we  start  from  the  interior  of  the  brick,  we  must  make  a  strict 
distinction  between  the  following  four  phenomena  which  are 
deduced  from  very  different  processes : 

First,  the  color  of  the  body  of  the  brick  as  observed  at  the 
fracture. 

Second,  the  color  of  the  brick  body  on  or  near  the  surface 
in  so  far  as  it  di£Fers  from  the  color  of  the  interior  or  the  main 
mass. 

Third,  the  coloring  of  the  surface  of  the  brick  by  foreign 
substances  or  by  such  that  come  from  the  interior  during  the  dry- 
ing, water-smoking,  or  burning ;  that  is,  efflorescence,  incrusta- 
tions, etc. 

Fourth,  the  coloring  of  the  surface  by  foreign  substances 
which  form  after  the  burning,  during  the  time  of  storage,  or 
after  being  walled  up. 

I.  The  clay  substance  in  its  purest  state,  having  the 
ideal  composition  of  the  silicate  of  alumina  and  watei  (china 
clay  or  pipe  clay  comes  nearest  to  this  ideal),  contains  lit- 
tle or  no  coloring  constituents,  and  hence,  after  burning, 
always  appears  as  a  white  mass.  Such  a  material,  for  obvious 
and  important  reasons,  can  not  be  considered  with  reference  to 
the  manufacture  of  brick,  and  with  its  cold  white,  could  not 
satisfy  esthetic  requirements.      However,  all  materials  which 
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possess  practical  value  for  the  manufacture  of  brick  contain, 
besides  the  constituents  named  above,  a  number  of  others  orig- 
inating from  the  most  varied  classes  of  minerals,  owing  to  weath- 
ering and  mechanical  disintegration.  These  give  to  the  burned 
brick  according  to  their  kind  or  quantity  often  a  very  striking 
color,  or  exert  some  influence  upon  the  surface  color.  These 
are  especially  the  compounds  of  iron  and  manganese,  and  also  of 
lime,  magnesia,  the  alkalies,  chlorine,  and  sulphuric  acid  or  sul- 
phur  compounds. 

Only  the  first  two  can  be  considered  as  the  directly  coloring 
constituents  of  all  brick  clays,  since  their  compounds  possess  a 
pronounced  color.  Their  colors  vary  greatly  according  to  the 
quantity  or  to  the  simultaneous  presence  of  other  constituents, 
especially  of  lime,  magnesia,  and  the  alkalies,  and  finally 
the  physical  condition  of  the  mass.  On  the  other  hand,  the 
white-colored  compounds  of  lime,  magnesia,  and  the  alkalies 
can  only  be  considered  in  respect  to  color  to  the  extent  in 
which  they  influence  the  iron  and  manganese,  while  chlorine 
and  sulphur  compounds  can  solely  be  considered  in  regard  to 
surface  colorations,  coatings,  and  efflorescence. 

The  colors  which  are  produced  by  the  compounds  of  iron 
run  through  all  shades  of  green  to  black  in  the  presence  of  fer- 
rous compounds,  from  pink  to  dark  red  in  the  presence  of  ferric 
oxide,  through  all  the  shades  of  yellow  in  the  presence  of  larger 
quantities  of  lime  and  very  likely  also  magnesia.  The  manga- 
nese always  accompanies  the  iron,  but  only  in  small  quantities, 
and  the  colors  of  its  oxides  nin  through  all  the  shades  of  brown 
and  black. 

It  is  known  that  the  oxide  of  iron,  which  in  the  majority  of 
cases  must  be  considered  the  only  coloring  constituent,  may  pro- 
duce a  great  variety  of  shades  from  yellowish  red  to  violet-black, 
according  to  its  state  of  division,  and  it  will  always  assume  a 
darker  color  when  the  clay  is  exposed  to  a  high  temperature. 
At  a  low  temperature  iron  oxide,  prepared  from  pure  iron  salts, 
like  ferrous  sulphate,  has  a  bright  red  color.  This  color  becomes 
darker  with  increasing  temperature,  and  assumes  a  dark  violet 
color  when  heated  to  the  most  intense  white  heat,  which  causes 
extreme  condensation  of  the  particles. 
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Accordingly,  the  fact  that  brick  clays  become  darker  the 
higher  they  are  heated,  may  be  due  to  this  property  of  the  iron 
oxide,  a  fact  confirmed  by  practice,  and  the  production  of  a  cer- 
tain color  of  the  brick  serves  the  practical  man  for  judging  the 
degree  of  burning. 

The  iron  oxide  retains  this  property  of  producing  a  red 
color,  as  long  as  the  mass  of  the  clay  retains  its  earthy  porous 
character,  but  on  changing  to  a  vitreous  condition,  or  in  fusion, 
the  color  turns  to  black,  this  being  the  color  given  to  glass  by 
larger  quantities  of  iron. 

The  conditions  are  different,  however,  when  the  colorless 
clay  substance,  beside  the  iron  oxide,  contains  calcium  carbonate, 
as  is  frequently  the  case.  The  lime  acts  as  a  flux  on  heating 
and  causes  vitrification  to  take  place  much  earlier  than  it  would 
occur  without  the  presence  of  lime.  It  forms  a  silicate  which, 
beside  the  constituents  of  the  clay,  takes  up  the  iron  oxide  and 
the  lime,  forming  a  combination  which,  with  a  certain  proportion 
between  lime  and  iron  oxide,  assumes  a  white  or  yellow  color. 
This  compound  is  produced  only  at  incipient  vitrification,  and 
the  coloring  power  of  the  iron  oxide  is  destroyed  only  at  this 
point,  while  it  is  still  retained  at  a  somewhat  lower  temperature. 
Hence,  clays  containing  lime  and  iron,  on  soft  burning,  assume 
a  red  color  imparted  by  the  iron  oxide.  This  color  gradually 
disappears  on  continued  heating,  and  finally  changes  through 
flesh  color  and  white  into  a  more  or  less  intense  yellow  or  yellowish 
green,  which  finally  on  complete  vitrification  turns  into  green  or 
black.  It  is  self-evident  that  a  certain  ratio  must  exist  between 
the  iron  oxide  and  lime  in  order  to  destroy  the  red  coloring 
power  peculiar  to  the  iron  compound,  and  it  is  a  matter  of 
course  that  from  the  ordinary  clay  analysis  nothing  definite  can 
be  deduced  in  this  respect. 

For  example,  the  clays  from  Freienwalde  and  Rudersdorf 
analyzed  for  the  society  in  the  laboratory  of  the  Mining  Academy, 
are  not  yet  able  to  destroy  the  red  coloring  properties  of  the 
iron  oxide,  while  in  the  clays  from  Neuhof,  near  Stralsund,  this 
takes  place.  In  this  respect  we  find  a  gap  in  the  examinations 
of  clays  carried  out  in  the  customary  manner,  and  it  must  re- 
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main  for  the  future  to  fill  it  There  must  be  a  law  in  regard  to 
the  proportion  in  which  the  main  factors  of  brick  colors,  iron  and 
lime,  must  stand  to  each  other  in  order  to  destroy  the  red  color 
of  the  iron  peculiar  to  and  characteristic  of  it  If  from  a  clay, 
which  bums  yellow  in  its  natural  constitution  and  contains  iron 
and  lime,  we  remove  the  latter  by  means  of  acid,  the  ordi- 
nary coloring  power  of  iron  again  predominates;  that  is,  the  clay 
bums  to  a  shade  of  red  corresponding  to  its  content  of  iron. 

All  detailed  observations  in  regard  to  the  influence  of  man- 
ganese as  well  as  of  magnesia,  are  likewise  lacking,  but  these 
demand  less  of  our  interest,  since  these  constituents  occur  in 
clays  usually  only  in  smaller  quantities,  and  when  they  occur  it 
is  always  in  the  presence  of  larger  quantities  of  iron  oxide  or 
lime  which  predominate  and  hide  any  appreciable  influence 
upon  color  which  might  be  traced  to  magnesia  or  manganese. 

With  these  factors  apparently  so  simple,  the  entire  wide 
range  of  brick  colors  is  covered.  If,  however,  one  considers  to  what 
extent  the  coloring  influences  are  in  reality  subjected  to  variations 
in  regard  (i)  to  the  coloring  ingredients,  (2)  to  the  physical  con. 
dition  of  the  mass,  and  (3)  to  the  different  degrees  of  heating,  the 
great  number  of  shades  of  color  (neglecting  all  discolorations 
due  to  the  deposition  of  ash  and  efflorescence)  are  explained 
sufficiently,  though  not  exhaustively. 

2.  The  fundamental  outline  given  above,  governing  the 
coloration  of  brick,  applies  only  to  the  interior  of  the  brick  since 
it  is  more  or  less  removed  from  the  chemical  and  physical 
influences  during  the  operations  to  which  the  brick  is  subjected ; 
hence,  the  shade  of  color  is  dependent  solely  upon  the  higher  or 
lower  temperature.  Conditions  in  regard  to  color  are  different^ 
however, near  the  surface;  there  oxidizing  or  reducing  effects 
can  take  place  more  readily.  All  the  substances  which  are  taken 
up  from  the  fire-gases  are  concentrated  near  the  surface,  and 
hence  all  sorts  of  colors  are  often  blended,  while  the  color  in  the 
interior  shows  a  certain  uniformity. 

In  order  to  explain  the  phenomena  belonging  to  this  cate- 
gory, we  must  distinguish  between  such  colorations  which  have 
been  produced  in  the  clay  body  itself  xm^zx  the  surface  and  such 
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which  have  been  brought  about  by  the  deposition  of  a  coating, 
possessing  a  difiFerent  color,  upon  the  clay  body.  The  phenomena 
of  the  first  kind  are  real  discolorations,  the  latter  efflorescences. 
These  and  allied  discolorations  are  often  erroneously  taken  for 
the  first  and  are  considered  identical  with  them. 

Discolorations  on  red  bricks,  caused  by  the  chemical  action 
of  the  fire-gases,  appear  in  a  less  disturbing  manner  than  is  the 
case  with  light-colored,  especially  cream-colored  bricks.  These, 
owing  to  their  color,  are  much  more  sensitive  in  this  respect,  and 
especially  because  the  real  clay  substance,  as  well  as  the  coloring 
iron  oxide,  are  rather  indifiEerent  to  the  constituents  of  the  fire- 
gases,  on  account  of  their  chemical  indi£Ference.  In  this  case  the 
discolorations  may,  as  a  rule,  be  recognized  by  their  appearance 
as  a  glaze-like  coating  caused  by  the  absorption  of  alkaline 
vapors,  or  as  a  reduction  of  the  iron  oxide  to  black  ferrous  sili- 
cate. Matters,  however,  are  difiFerent  in  the  case  of  the  lime  con- 
tained in  the  cream-colored  brick,  which  possesses  a  well-defined, 
energetic  affinity  to  a  few  of  the  impurities  always  present  in  the 
fire-gases. 

For  this  reason,  discolorations,  which  are  especially  trouble- 
some to  the  brickmaker,  are  found  more  frequently  on  light-col- 
ored than  on  red  brick,  and  practice  confirms  this  perfectly. 

I  have  pointed  out,  on  a  difiFerent  occasion,'  the  influence 
which  constituents  of  the  fire^rases  exert  upon  the  clay  under 
special  circumstances,  especially  during  the  water-smoking 
process,  in  order  to  show  that  in  using  generator  gas  in  brick 
kilns,  the  same  phenomena  of  discoloration  must  of  necessity 
occur,  which  we  fear  so  much  in  the  direct  firing  with  solid  fuel 
and  that  those  who  imagine  that  with  the  use  of  gas  the  diffi- 
culties of  the  ordinary  burning  will  at  once  be  removed,  are  sadly 
in  error.. 

The  following  investigation  will  confirm  the  earlier  verdict 
by  the  most  convincing  proofs.  * 

Among  the  discolorations  shown  by  light-colored  brick,  the 
most  frequent  are  those  which  appear  on  the  exposed  surfaces 


'  See  "NotizbUU,"  1872,  page  165. 
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as  red  or  reddish  brown  flashes,  while  the  covered  parts  are  yel- 
low. Although  these  discolorations  may  be  found  on  using  any 
fuel,  they  appear  most  strongly  with  the  use  of  coal  as  fuel, 
and  for  this  reason  it  is  often  customary,  especially  in  operating 
the  continuous  kiln,  to  avoid  as  much  as  possible  the  use  of  coal 
for  the  production  of  good,  light-colored  brick.  A  distinction 
must  be  made  in  this  respect  between  the  red  colors  produced  by 
imperfect  burning,  which  may  be  recognized  by  the  fact  that,  if 
the  brick  has  otherwise  assumed  a  yellow  color,  they  appear  in 
the  core  of  the  brick,  or  in  places  which  have  been  covered  in 
the  kiln,  and  such  colors  which  have  been  caused  through  the 
influence  of  the  fire-gases  and  can  not  be  removed  by  even  the 
strongest  burning.  Sometimes  the  two  phenomena  appear  on 
the  same  brick,  and  in  such  a  manner  that  it  has  a  red  core,  the 
outer  portions  being  yellow  and  the  surface  again  red.  The  two 
kinds  of  red  are  due  to  different  causes :  the  one  in  the  interior 
is  caused  by  the  fact  that  the  temperature  was  not  high  enough 
to  destroy  the  color  of  the  iron  oxide  by  the  formation  ,of  a  lime 
silicate;  the  red  on  the  outside,  usually  more  intense,  is  due  to  a 
chemical  combination  of  the  lime  which  made  it  impossible  for 
the  latter  to  enter  into  the  silicate  formation  mentioned. 

The  red  discolorations  of  yellow  brick  appear  on  the  frac- 
ture as  a  layer  of  the  thickness  of  paper,  or  as  much  as  i  mm. 
deep,  which  is  colored  most  intensely  on  the  surface  of  the  brick  ; 
sometimes  a  greater  thickness  is  observed.  An  especially  fine 
example  of  this  kind,  with  a  discolored  layer  as  much  as  5  mm. 
thick  from  the  brickyard  of  Mr.  Hecht  at  Neuhof,  near  Stral- 
sund,  ofiFered  me  an  opportunity  to  make  a  closer  examination 
which  really  gave  rise  to  a  surprising  result.  The  interior  of 
the  brick  was  colored  a  pure  cream-white,  the  surface  dark  blood- 
red  with  a  gradual  shading  to  a  lighter  color  towards  the  inte- 
rior ;  the  brick  had  been  burned  in  a  continuous  kiln,  the  fuel 
having  been  English  coal.  Splinters  were  chipped  ofiF  from  the 
outside  discolored  layer  and  these,  in  so  far  as  they  were  colored 
a  strong  red,  were  finely  pulverized  and  subjected  to  analysis. 

At  the  same  time,  using  exactly  the  same  method  of  analy- 
sis, the  yellow  interior  of  the  brick  was  analyzed  by  Dr.  Aron. 

23 
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The  analyses  gave  the  following  results : 


la  the  red  Mil. 
Per  ccst 

IB  the  jretlow  p*rt. 

Percent. 

Silica   ...           - 

63.7» 

71.25 

Almnina    .... 

9.81 

8.60 

Iron  oxide 

5.16 

5.92 

Lime          .           -           .           . 

8.72 

9.24 

Magnesia 

2.20              ' 

1.89 

Snlphnric  acid' 

8.49 

0.61 

Manganese) 
Chlorine     J 

traces 

traces 

Alkalies     .... 

1.90 

2.49 

100.00 

100.00 

The  difference  in  the  analyses  with  respect  to  the  content 
of  sulphuric  acid  is  extremely  striking  and  characteristic  in  the 
highest  degree.  The  sulphuric  acid  is  in  both  cases  to  be  con- 
sidered as  being  united  with  the  lime,  and  since  40  parts,  by 
weight,  of  the  acid  unite  with  28  parts,  by  weight,  of  lime  to  form 
calcium  sulphate,  it  would  correspond  to  a  content  of  1.04  per 
cent  of  calcium  sulphate  in  the  yellow  portion  and  14.43  P^^  cent 
in  the  red  portion. 


*  It  was  not  to  be  expected  that  the  brick  should  have  an  ezacUy  nnif onn  per- 
centage composition  in  aU  paits,  since  the  fracture  of  the  brick  already  showed  that 
the  mass  was  not  perfectly  homogeneous.  Howeyer,  subtracting  the  sulphuric  add 
preaent  in  the  red  part  (8.49  per  cent  and  19.58  per  cent,  respectively,  which  for  the 
largest  part  may  have  been  taken  up  only  during  the  burning)  and  calculating  the 
balance  in  per  cent,  then  the  composition  of  the  discolored  layer  would  be : 


In  the  brick  from  Neuhof . 
Per  cent. 


Silica     .... 

Iron  oxide       ... 

I^^tne  ... 

Magnesia        ... 

Manganese  ) 

Chlorine       i 

Alkalies  and  loss  on  heating 


In  bri^  from 

Per  cent 


Reduced  to  this  basis  no  essential  deviations  are  shown  from  the  snalysis  of  the 
yellow  portion. 
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Calculating  the  oxygen  ratios  between  the  lime*  not  united 
with  the  sulphuric  acid  (the  combined  lime  not  being  considered 
in  regard  to  the  formation  of  silicates,  since  the  calcium  sulphate 
is  not  decomposed  at  the  temperature  at  which  the  bricks  are 
burned)  and  the  oxygen  of  the  iron  oxide,  it  is  found  that  the 
ratio  of  iron  oxide  to  lime  in  the  red  part  is  i  :  0.34,  and  in  the 
yellow  I  :  1.58.  Hence,  there  is  present  in  the  yellow  part, 
referred  to  equal  amounts  of  iron  oxide,  nearly  five  times  as 
much  lime  for  the  formation  of  the  yellow  silicate. 

If  in  a  similar  manner  these  ratios  of  the  clays,  whose  anal- 
yses are  giveja  in  the  Sprechsaal^  187^)  page  119,  are  calculated, 
it  is  found  that  in  the  clay  of  Mr.  O.  Oppenheimer  at  Rueders- 
doif ,  which  assumes  a  pale  red  color  with  a  greater  percentage 
content  of  iron,  a  ratio  of  i :  i.ii  is  found;  in  that  of  Mr. 
Kuhnheim,  at  Preienwalde,  which  bums  to  a  dark-red,  one  of 
1 : 0.35  is  determined  just  as  it  was  found  in  the  case  of  the  red- 
colored  portion  of  the  Neuhof  brick. 

Another  point  of  view  of  the  phenomenon,  no  less  charac- 
teristic, is  furnished  by  the  analysis  of  a  brick  from  the  Brick 
and  Building  Company  of  Szegedin.  This  brick  consisted  of  a 
very  porous  light  mass  made  from  a  lean  and  very  fine  clay,  the 
interior  being  of  a  sulphur-yellow,  the  outside  of  an  intense  dark 
violet-red  color.  The  discolored  layer,  nearly  10  mm.  thick,  is 
darkest  on  the  outside  and  shades  through  red  to  yellow  towards 
the  inside.  The  analyses  of  the  outer  darkest  portion  and  the 
yellow  interior  were  as  follows : 


In  the 

red-Tiolet  portion. 

Per  cent. 

In  the  yellow  portion. 
Per  cent. 

Silica         -            -            -            - 

45.73 

56.07 

Alumina 

10.22 

14.02 

Iron  oxide 

4.49 

5.49 

Lime    -            -            -            - 

12.81 

16.53 

Magnesia  -            -            -            - 

3-53 

4.50 

Sulphuric  acid* 

19.58 

0.74 

Alkalies  and  loss  on  heating 

2.24 

2.66 

Water  .           -           -           - 

1.40 

0.39 

100.00 

100.00 

<  This  amotints  to  1.78  per  cent  in  the  red  portion,  and  to  8.61  per  cent  in  the 
yellow  portion. 

*  See  note  referring  to  preceding  analysis. 
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The  excessively  high  content  of  sulphuric  acid  in  the  dis- 
colored portion  indicates  here  the  same  cause  as  in  the  case  just 
discussed,  only  that  the  combination  of  the  lime  has  progressed 
still  farther.  The  amount  of  lime  corresponding  to  19.58  per 
cent  of  sulphuric  acid  for  the  formation  of  calcium  sulphate  is 
13.70  per  cent  Thus  all  the  lime  must  be  assumed  to  have 
united  with  the  sulphuric  acid  and  part  of  the  magnesia  (0.64 
per  cent)  must  have  been  changed  to  the  sulphate  likewise.  In 
the  yellow  portion  of  the  brick  the  ratio  of  the  iron  oxide  to 
lime  according  to  the  comparison  given  above  is  i :  2.86,  which 
is  still  more  favorable  for  the  destruction  of  the  red  color  due  to 
the  iron  oxide,  than  in  the  case  of  the  Neuhof  brick.  The  ratio 
in  the  discolored  layer  has  been  lowered  to  1:0;  that  is,  the  lime 
has  entirely  lost  its  ability  to  influence  the  red  coloring  power  of 
the  iron  by  forming  a  lime-iron  silicate,  since  it  is  entirely 
bound  to  the  sulphuric  acid. 

If  now  we  ask  ourselves,  whence  comes  this  high  content  of 
sulphuric  acid  in  the  outside  portion  of  the  discolored  brick  ?  we 
will  receive  as  an  answer :  from  the  fire^gases,  for  the  bricks 
are  exposed  only  to  these  during  the  red  coloring  process.  All 
fuels,  with  the  exception  of  wood,  contain  sulphur, — peat  least, 
lignite  more,  coal'  most ;  this  is  volatilized  in  burning  in  the 
form  of  sulphurous  acid.  Under  favorable  conditions  this 
sulphurous  acid,  especially  and  perhaps  exclusively  during  the 
water-smoking  process,  when  opportunity  is  given  to  water 
vapors  to  condense  on  the  surfaces  of  the  brick  under  the  simulta- 
neous influence  of  the  lime  of  the  clay  and  the  excess  oxygen  of 
the  fire-gases,  oxidizes  to  sulphuric  acid  and  thus  removes  the 
lime  from  the  possibility  of  forming  a  strongly  basic  yellow 
coloring  iron-lime  silicate,  thus  maintaining  the  original  color- 
ing-power of  the  iron. 

3.  Not  to  be  mistaken  for  the  discolorations  just  described, 
are  those  which  form  in  the  shape  of  white  or  gray  coatings  on 
the  surface  of  the  brick  during  the  burning,  but  do  not  represent 
a  coloration  of  the  body  proper,  nor  do  they  penetrate  into  the 


>  The  content  of  iron  sulphide  in  coal  varies  between  i  and  5  per  cent,  and  3 
per  cent  may  be  taken  as  an  aversife. 


i 
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interior  of  the  brick.  In  their  formation  the  chemical  properties 
of  the  clay  are  involved  in  a  less  degree  than  the  physical. 
These  coatings  consist  either  of  efflorescences  of  salt,  produced 
during  the  drying  or  water-smoking  which  are  fixed  during  the 
burning,  owing  to  the  decomposition  of  the  salts,  or  of  fine  ashes 
which  adhere  to  the  surface  of  the  brick. 

The  former  are  peculiar  especially  to  plastic  clays,  and  on 
careful  observation,  are  frequently  detected  on  the  air-dry  bricks, 
particularly  along  the  edges.  They  occur  more  frequently  on 
smooth  and  dense  surfaces,  and  hence  are  found  most  often  on 
repressed  bricks  and  the  smooth  surfaces  of  machine-made  bricks. 
On  the  other  hand,  they  are  found  rarely  on  the  rough  surface  of 
common  brick  molded  with  sand.  Under  the  magnifying  glass 
they  appear  as  wart-like,  usually  white,  segregations  on  the  sur- 
face. Their  origin  is  to  be  explained  by  the  fact  that  the  water 
which  penetrates  the  clay,  especially  if  the  latter  contains  sul- 
phuric acid  or  chlorine,  holds  in  solution  soluble  salts  which,  on 
evaporation,  are  left  behind  as  solids.  If  now  the  clay  is  lean 
and  porous,  this  evaporation  can  take  place  not  only  from  the 
surface,  but  also  in  the  clay  body  itself,  the  segregated  salts  thus 
being  distributed  over  a  large  surface.  If,  on  the  other  hand,  the 
surface  of  the  brick  is  very  dense,  or  as  it  occurs  in  careless 
water-smoking,  if  the  pores  on  the  surface  are  filled  with  water, 
preventing  the  air  from  penetrating  into  the  interior  by  dif- 
fusion, then  evaporation  can  take  place  only  at  the  surface,  and 
hence  a  deposition  of  the  salts  from  the  water  can  take  place 
only  here,  while  from  the  interior  fresh  water  is  continually 
drawn  outward  by  virtue  of  capillary  attraction. 

Hence  those  impurities  of  the  clay  which  give  rise  to  the 
formation  of  soluble  salts,  will  be  especially  injurious  to  the 
color  of  the  surface;  these  are  sulphuric  acid  (iron  sulphide), 
chlorine,  magnesia,  and  the  alkalies. 

Since  in  many  cases  these  efflorescences  are  produced  only 
in  water-smoking,  and  only  when  water  vapors  condense 
upon  the  brick,  they  may  often  be  prevented  by  conducting  the 
water-smoking  process  very  carefully. 

Still  not  only  the  soluble  salts  contained  in  the  clay,  but  also 
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those  which  are  taken  up  from  outside  sources  during  the  burn- 
ing, may  give  rise  to  efflorescencei  being  collected  by  the  moist 
surfaces  of  the  brick  in  water-smoking. 

The  sulphuric  acid  affording  an  opportunity  for  the  forma- 
tion of  this  efflorescence,  has  already  been  mentioned;  but 
frequently  the  alkalies  are  the  cause  of  the  trouble,  being 
volatilized  from  the  ash  during  the  period  of  maximum  temper- 
ature, and  deposited  again  in  the  colder  parts  of  the  kiln. 
Often  delicate  white  coatings  are  found  on  the  covers  of 
the  fire-holes  of  continuous  kilns  and  the  heating  pipes ;  such  a 
deposit  in  the  continuous  lime  kiln  of  Mr.  Frederick  Hoffmann, 
at  Nordhafen,  in  Berlin,  proved  to  be  a  mixture  of  sulphate  of 
potash  and  soda,  potassium  chloride  and  sodium  chloride. 

Prom  these  efflorescences  occurring  most  frequently,  those 
due  to  fine  ashes  can  be  easily  distinguished.  While  the  former 
represent  usually  white  segregations,  appearing  wart-like  under 
the  microscope,  the  latter  are  of  a  dark,  usually  gray  or  brown 
color,  and  are  composed  of  small  splinter>'  grains.  These  parti- 
cles of  ash,  when  coming  in  contact  during  water-smoking  with 
a  moist  surface  of  the  brick,  usually  adhere  to  the  latter,  but  in 
the  case  of  dry  ware  they  unite  but  loosely  with  the  clay,  and 
may  even  be  scraped  off  the  clinker-like,  vitreous  brick  without 
leaving  any  very  considerable  residue. 

4.  The  fourth  class  of  brick  colorations  refers  to  those  which 
are  formed  only  after  the  manufacture  of  the  brick,  or  after  they 
are  put  into  use,  and  in  most  cases  are  an  evidence  of  destruction. 
These  consist,  for  the  largest  part,  of  salt  efflorescences  which 
quietly  carry  on  their  work  of  destruction  by  repeatedly  disap- 
pearing and  recrystallizing,  or  of  organic  compounds  which  at- 
tain the  same  result  in  a  longer  time  and  with  less  energy.  The 
main  factor  in  both  is  moisture. 

The  destruction  of  brick  by  the  formation  of  salts  which 
come  to  the  surface  from  the  interior,  is  especially,  prominent 
with  porous,  soft-burned  material,  in  whose  manufacture  suffi- 
cient heat  was  not  applied  to  destroy  tiie  soluble  salts  or  to  con- 
vert their  elements  into  insoluble  compounds  of  silicic  acid. 

These  efflorescences  of  salts,  commonly  called  saltpeter, 
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consist  in  many  cases  of  sodium  bicarbonate,  sulphates,  especially 
of  soda  and  magnesia,  chlorine  compounds,  etc.  Saltpeter  is 
present  only  when  the  brick  has  come  in  contact  with  decaying 
organic  matter. 

To  ascribe  the  appearance  of  the  so-called  saltpeter  to  the 
influence  of  low  organisms,  as  is  often  done,  seems  unnecessary. 
With  light-colored  brick  exclusively  (and  not  on  red  or  dark- 
colored  brick),  we  observe  an  action  of  organisms  which 
makes  itself  especially  obnoxious  by  its  intensely  green  or 
yellow  color.  This  is  due  to  microscopic  plants,  algae^  which 
grow  upon  and  draw  their  nourishment  from  the  moist  and  por- 
ous surfaces  of  the  brick,  and  whose  dying  generations  cover  the 
latter  with  a  black,  humus-like  substance.  It  appears  that  the 
growth  of  these  organisms  is  favored  less  by  the  composition  of 
the  material  than  by  its  color,  for  they  are  found  not  only  upon  the 
ordinary  cream-colored  bricks  with  a  calcareous  body,  but  also  on 
fire-bricks,  with  great  regularity,  whenever  the  latter  are  exposed 
to  moisture  and  are  protected  from  the  direct  light  of  the  sun. 
At  the  same  time  they  are  found  only  on  the  light-colored  por- 
tion of  the  brick,  but  never  in  places  where  a  dark  coating  has 
been  formed.  It  seems  a  difficult  task  to  find  protection  against 
this  enemy  which  often  makes  its  appearance  only  after  the 
bricks,  of  perfect  color,  are  walled  up,  and  which  are  then  not 
easily  accessible  for  the  destruction  of  the  vegetation.  The  only 
means  of  destroying '  this  enemy  of  light-colored  brick  seems  to 
be  the  treatment  with  caustics,  and  Dr.  Pruehling,  at  the  last 
annual  convention,  has  recommended  as  such  the  coating  of  walls 
covered  with  the  green  scum  with  a  solution  of  calcium  sulphite. 
Yet  there  might  arise  doubts  as  to  whether  it  will  protect  for  a 
long  rime  since  it  is  itself  subject  to  a  rapid  change.  It  would 
perhaps  be  advisable  to  substitute  a  stable  poison  for  organic 
growths,  like  zinc  sulphate,  but  not  zinc  chloride,  owing  to  the 
efflorescence  to  be  expected  from  the  latter  salt,  or  arsenic. 
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When  we  examine  the  pure  white  or  nearly  white  burning 
clays  which  serve  as  materials  for  the  porcelain  and  stoneware 
industries,  we  will  always  find  that  they  contain  as  essential  in- 
gredients alumina,  silica  and  water,  but  other  constituents  only 
in  very  small  quantities.  These  are  materials  which  are  pro- 
duced by  the  weathering  of  feldspar  and  are  usually  still  found 
at  the  places  at  which  they  were  produced.  But  if  these  clajrs 
are  carried  away  by  water  it  will  be  unavoidable  that  they  are 
mixed  with  other  substances  which  are  likewise  produced  by 
weathering  and  disintegration  in  other  places  and  which  impart 
to  the  clay  mixture  thus  obtained  a  more  or  less  intense  color. 
The  materials  used  in  the  brick  industr>'  are  of  this  kind. 

The  number  of  substances  which  color  the  clay  is  quite 
limited  so  far  as  practical  work  is  concerned.  If  we  neglect  the 
rare  elements  occurring  in  it  only  in  extremely  small  quantities 
and  which  are  hardly  ever  present  in  quantities  larger  than  one- 
tenth  of  one  per  cent,  like  titanic  acid«  vanadic  acid  and  similar 
constituents  which  do  not  influence  the  color,  there  are  to  be 
considered  only  the  iron  and  manganese  oxides,  and  also  the  cal- 
cium and  magnesium  carbonates,  which  give  rise  to  the  various 
colors  of  bricks.  According  to  the  diflFerent  quantities  of  these 
constituents,  the  varying  division  of  the  same,  the  different  tem- 
peratures to  which  the  bricks  are  exposed,  the  difference  of 
texture  and  especially  of  porosity,  and  finally  the  difference  in  the 
action  of  the  fire-gases,  the  colors  produced  will  vary  within 
wide  limits.  One  cannot  say  that  two  clays  which  have  exactly 
the  same  percentage  composition  will  give  rise  to  the  same  color 
on  burning,  but  the  result  in  regard  to  color  may  be  quite  differ- 
ent, for  example,  owing  to  the  different  division  of  the  iron  oxide 
and  the  different  texture  of  the  brick ;  it  may  be  possible  that 
for  these  reasons  a  clay  high  in  iron  will  express  the  color  of  the 
iron  oxide  less  intensely  than  one  which  contains  less  iron  oxide. 
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I  would  like  to  remark  at  the  beginning  that  the  colors  of 
the  unburned  clay  stand  in  no  relation  to  the  color  after  burn- 
ing, and  hence  are  no  guarantee  for  a  definite  appearance  of  color 
after  the  bum.  The  iron  which  is  washed  into  the  clays  may 
have  a  very  different  color  when  in  the  form  of  iron  silicates  or 
ferric  hydroxides  or  ferric  oxide  or  ferrous  compounds  and  may 
pass  from  yellow  into  gray  or  bluish  green.  Again,  it  is  often 
accompanied  by  organic  substances. 

Beside  the  iron  oxide  there  occurs  only  the  manganese 
oxide  which  assists  in  producing  color  on  burning.  This  is 
always  associated  with  the  iron  oxides  and  usually  in  such  a 
small  ratio  when  compared  with  the  quantity  by  weight  of 
the  iron  that  ordinarily  it  need  not  be  considered.  Also  there 
are  found  in  many  clays  not  inconsiderable  quantities  of  calcium 
and  magnesium  carbonates,  which  are  pure  white  by  them- 
selves but  which  by  their  presence  modify  the  color  of  the  iron 
oxide. 

The  colors  which  clay  wares  assume  are  thus  dependent 
upon  various  conditions  which  influence  the  color  simulta- 
neously, the  one  more,  the  other  less. 

The  most  important  factors  are  : 

First,  the  quantity  of  iron  oxide  contained  in  the  clay. 

Second,  the  other  constituents  of  the  clay  accompanying 
the  iron. 

Third,  the  composition  of  the  fire-gases  during  the  burn- 
ing. 

Fourth,  the  degree  of  vitrification. 

Fifth,  the  temperature  at  which  they  are  burned. 

Let  us  now  consider  these  five  factors. 

I.  The  iron  oxide  in  the  pure  condition  is  a  red  body.  If 
it  is  exposed  to  only  a  low  temperature,  it  possesses  a  yellowish  red 
color  when  in  the  finest  state  of  division.  On  being  heated 
strongly  it  will  always  become  denser  and  darker,  and  at  a  high 
heat  it  will  assume  a  dark  red  bluish  color.  According  to  the 
method  of  preparation  from  different  substances  it  will  vary 
somewhat,  even  in  this  red  color,  and  will  sometimes  tinge  into 
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a  brown  and  again  into  a  blue.  This  color,  however,  will  be  stable 
only  when  the  iron  oxide  is  heated  in  an  atmosphere  containing 
an  excess  of  oxygen.  If  the  heating  is  done  in  the  presence  of 
reducing  gases,  carbon  monoxide  or  hydrocarbons,  it  will  be  re- 
duced to  ferrous  oxide  or  to  intermediate  stages  between  ferric 
and  ferrous  oxide,  or  to  ferrous  oxide  and  metallic  iron  and 
finally  to  metallic  iron,  assuming  in  all  of  these  combinations  a 
blackish  color.  But  these  bodies  again  take  up,  when  heated  in 
air  containing  oxygen,  the  quantity  of  oxygen  lost,  again  giving 
rise  to  the  formation  of  iron  oxide  and  again  representing  the 
red  color  of  the  original  iron  oxide,  but  usually  in  a  different 
shade.  In  general  all  coloring  phenomena  of  clay  ware  run  along 
a  similar  course.  The  degree  of  color  which  they  assume  is  as 
a  rule  dependent  upon  the  quantity  of  iron  oxide  enclosed ;  the 
greater  the  content  of  iron  the  deeper  will  be  the  color  which 
they  assume. 

2.  The  constituents  which  aie  white  in  themselves,  alumina, 
lime  and  magnesia,  exert  a  decided  effect  upon  the  color. 
If  the  content  of  iron  oxide  in  a  clay  is  small,  and  that  of 
alumina  large,  and  the  burning  temperature  high,  the  clays  will 
assume  only  a  more  or  less  yellow  or  yellowish  brown  color, 
which,  with  a  smaller  content  of  alumina  and  increasing  content 
of  iron,  passes  r^^larly  through  all  the  shades  from  yellowish 
brown  to  reddish  brown.  Only  with  a  content  of  about  5  per 
cent  of  iron  oxide  does  a  decided  red  color  appear  which  is  in- 
tensified  still  more  by  a  higher  content  of  iron. 

Similarly,  as  in  the  case  of  a  high  alumina  content,  the 
color  of  the  clay  is  bleached  also  by  a  content  of  calcium  carbon- 
ate, which  frequently  is  associated  with  a  small  content  of  mag- 
nesium carbonate.  As  in  the  previous  case,  the  color  of  the 
iron  oxide  is  bleached  the  more,  the  higher  the  ware  is  heated. 
If  the  content  of  lime  is  about  double  the  quantity  of  the  iron 
oxide,  the  red  color  of  the  iron  oxide  disappears  completely  at  a 
sufficiently  high  temperature,  its  place  being  taken  by  a  yellow- 
ish green  color. 

It  may  thus  be  said  in  general  that  only  those  clays  will 
possess  a  red  color  which  have  a  large  content  of  iron  with  a 


THE   COLORS  OF  BRICKS  363 

moderate  or  low  content  of  alumina  and  lime.  If  the  content  of 
alumina  is  increased  with  a  simultaneous  decrease  of  the  iron 
oxide,  more  or  less  yellowish  brown  or  yellow  colors  are  ob- 
tained, but  if  the  clay  contains  carbonates  of  the  alkaline  earths, 
the  color  is  changed  to  a  yellowish  green.  If,  hence,  it  is  in- 
tended to  produce  other  shades  of  color  than  those  which  the 
clay  possesses  in  itself,  for  instance,  the  change  of  color  from  red 
to  yellow,  it  is  oiily  necessary  to  add  a  white  burning  clay,  or 
one  with  but  little  color,  whose  content  of  alumina  is  to  be  as 
large  as  possible.  The  colors  thus  obtained  will  run  through  the 
shades  of  red,  brown,  yellowish  brown,  and  yellow;  another 
means  might  be  an  addition  of  calcareous  material,  chalk  or 
lime  marl.  On  changing  a  yellow  burning  clay  to  a  red  burn- 
ing one,  it  will  be  necessary  to  add  a  very  ferruginous  material, 
as  a  clay  high  in  iron,  ochre,  or  bog  iron  ore.  This  addition 
would  easily  lead  to  the  desired  result  in  the  case  of  clays  free 
from  lime,  but  in  calcareous  clays  it  will  exert  an  effect  which  is 
the  smaller  as  the  content  of  lime  increases.  It  is  self-evident 
that  additions  of  this  sort  also  change  the  temperature  necessary 
for  burning.  On  adding  light  burning  material  high  in  alumina, 
as  a  rule  the  burning  temperature  is  raised;  on  adding  calcium 
carbonate  or  iron  oxide,  it  must  be  lowered. 

3.  The  composition  of  the  fire-gases  which  are  used  in  burn- 
ing, is  of  the  greatest  importance  in  regards  to  the  color  of  clay 
wares.  It  is  a  well-known  fact  that  the  kiln  construction  is  of 
great  influence  in  this  respect,  and  those  who  operate  different 
kiln  systems  will  know  that  the  colors  vary  in  the  same  raw 
material  according  to  whether  the  material  is  burned  in  this  or 
that  kiln.  The  differences  which  are  thus  produced  are  ex- 
plained if  one  considers  the  behavior  of  the  iron  oxide  under 
oxidizing  or  reducing  conditions  of  firing.  The  sulphur  con- 
tent of  the  coal  likewise  plays  an  important  rdle.  As  I  have 
mentioned  previously,  the  compounds  of  ferric  iron  are  always 
changed  to  ferrous  compounds  by  the  action  of  reducing  gases 
(carbon  monoxide,  hydrocarbons,  hydrogen),  or  when  the  iron 
oxide  is  present  in  the  clay  in  the  free  state,  even  to  metallic 
iron.     In  this  manner  the  clay  assumes  a  gray  color.     If  during 
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the  burning  a  trial  is  drawn  from  the  kiln,  it  will  be  found  that 
this  gray  color,  in  the  presence  of  much  iron,  will  even  become  a 
black.  On  being  exposed  to  an  oxidizing  atmosphere,  if  the  body 
is  still  porous,  the  ferrous  iron  or  metallic  iron  will  again  be 
changed  very  rapidly  to  the  red  or  yellow  iron  oxide.  The 
denser  the  body  becomes,  that  is,  the  less  access  it  a£Fords  to 
oxygen,  the  slower  will  the  re-formation  of  iron  oxide  take  place, 
and  if  the  body  is  closed  completely  it  will  remain  black  or  gray, 
or  at  the  most  will  assume  a  brownish  or  reddish  color  only  at 
the  surface.  In  general  we  have  in  our  kilns  always  a  change 
of  oxidizing  and  reducing  effects,  in  the  one  system  the  change 
occurs  ordinarily  in  larger,  in  the  other  in  shorter  intervals.  In 
periodic  kilns  reduction  occurs,  as  a  rule,  in  the  first  period  of 
the  bum,  becoming  less  frequent  and  weaker  towards  the  end 
of  the  bum ;  in  continuous  kilns,  however,  the  conditions  will 
always  be  the  same.  In  all  kilns,  unless  reduction  is  provided 
for  during  the  cooling  period,  cooling  will  take  place  in  an  oxi- 
dizing atmosphere.  For  this  reason  the  reducing  effect  is  ob> 
served  sometimes  more  and  again  less  after  cooling,  giving  rise 
to  greenish  or  again  to  a  grayish  color,  the  first  with  calcareous, 
the  second  with  yellow  to  red  burning  materials,  free  from  lime. 

The  sulphur  content  of  the  coal  which  appears  in  the  fire- 
gases  in  the  form  of  sulphurous  acid,  plays  an  important  rdle  in 
the  color  phenomena.  This  is  especially  prominent  in  the  case 
of  calcareous  clays  on  whose  surface  a  formation  of  calcium  sul- 
phate takes  place.  If  in  consequence  the  lime  cannot  enter  into 
the  formation  of  the  silicate,  the  coloring  effect  of  the  iron  ox- 
ides will  not  be  influenced  by  the  lime,  and  sometimes  a  very 
intense  red  color  will  be  produced  in  the  places  exposed  to  the 
fire.  After  a  reduction  the  red  spots  will  disappear,  but  since 
the  conditions  of  vitrification  have  become  different  by  the  ab- 
sorption of  sulphuric  acid,  the  color  of  the  places  which  once 
have  become  spotted  will  differ  in  shade. 

4.  The  d^^ee  of  vitrification,  which  the  clay  undergoes  in 
burning,  is  likewise  of  influence  in  regard  to  the  color  which  it 
assumes.  In  porous  materials  containing  many  air  pores,  the 
colors  will  always  be  lighter,  in  denser  materials  always  darker, 
with  the  same  content  of  iron. 
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5.  The  burning  temperature  also  gives  rise  to  different 
colors  in  a  similar  manner.  We  have  already  seen  that  the 
coloring  iron  oxide  always  assumes  a  darker  color  with  a  con- 
tinually rising  temperature.  This  is  also  true  for  its  compounds, 
and  hence  we  observe  that  the  clays  which  are  burned  at  a 
higher  temperature  possess,  in  general,  a  dark  color.  How- 
ever, the  opposite  is  also  true  when  the  clay  contains  a  small 
percentage  of  calcium  carbonate  whose  quantity  is  not  sufficient 
to  remove  entirely  the  red  color  due  to  the  presence  of  the  iron 
oxide.  In  this  case  the  lime  at  a  higher  temperature  still  tends 
to  destroy  the  color  of  the  iron  oxide,  and  hence  on  stronger 
burning  a  lighter  color  is  produced.  In  all  materials  free 
from  lime  the  properties  of  the  iron  oxide  alone  are  the  govern- 
ing factors. 

Prom  what  has  been  said  only  those  color  changes  can  be 
explained  which  the  materials  show  at  the  fracture,  and  provided 
a  change  in  the  color,  due  to  an  extremely  thin  superficial  layer, 
has  not  taken  place ;  that  is,  in  so  far  as  the  surface  is  free  from 
depositions.  As  a  rule  these  depositions  are  caused  by  salts, 
usually  sulphates,  which  assume  a  white  color  on  burning,  or  are 
partially  vitrified  together  with  the  clay,  and  hence  appear  some- 
what colored.  The  salts  are  found  either  naturally  in  the  clay 
or  in  the  water  used  for  smoking,  and  on  drying  reach  the  ex- 
posed surfaces  on  which  evaporation  takes  place  and  remain  there 
as  a  fine  crystalline  coating.  These  deposits  may  also  be  due  to 
the  influence  of  the  fire  in  the  first  stages  of  the  burn.  In  this 
case  they  are  produced  by  the  condensation  of  water  from  the 
fire-gases  upon  the  surfaces  of  the  bricks.  The  gases,  besides 
water,  always  contain  constituents  of  the  ash  which  are  vola- 
tilized at  a  higher  temperature,  and  also  the  sulphurous  acid  which 
is  the  product  of  combustion  of  an  iron  sulphide  always  pres- 
ent in  coal,  and  finally  particles  of  fine  ashes.  If  now  the  water 
is  condensed  upon  the  ware  it  is  clear  that  these  substances  are 
also  deposited  upon  it,  and  these  exert  a  considerable  influence 
on  the  color.  Whether  these  coatings  have  already  been  pro- 
duced before  burning,  or  whether  they  owe  their  origin  to  the 
fire-gases  during  the  first  stage  of  the  bum,  may  be  decided  by 
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inspection.  In  the  first  case  those  surfaces  of  the  ware  which 
were  covered  on  drying  are  free  from  the  coating,  but  in  the  lat- 
ter those  which  were  covered  in  the  setting  of  the  ware.  Since 
these  surfaces  are  not  always  the  same  it  is  very  easy  to  draw  a 
conclusion  in  regard  to  the  time  during  which  the  coatings  were 
produced.  On  burning,  the  salt-like  incrustations,  as  a  rule, 
vitrify  to  the  surface  so  intimately  that  they  cannot  be  removed 
from  it,  and  usually  they  have  been  decomposed  by  vitrification 
and  rendered  insoluble,  thus  giving  the  ware  a  permanent 
surface  color. 

The  brick  may  again  be  colored  after  being  walled  up. 
This  color  originates  from  the  salts  which  have  remained  unde- 
composed  in  the  pores  of  the  brick  and  now  come  to  the  surface 
on  being  moistened  with  water,  causing  efflorescence.  These 
may  be  sulphates  which  were  already  present  in  the  clay,  or 
which  have  been  formed  only  in  burning  through  the  action  of 
sulphurous  acid  from  the  coal  and  had  not  been  removed  by  re- 
ducing conditions.  In  this  case  the  efflorescence  is  white  and 
may  be  avoided  by  reducing  conditions  of  the  fire-gases  brought 
about  in  the  last  stage  of  the  bum.  But  greenish  or  yellowish 
green  compounds  may  be  due  to  vanadic  acid  which  is  always 
found  present,  but  only  in  small  quantities.  These  can  likewise 
be  removed  by  the  reducing  action  of  the  fire-gases,  the  vanadic 
acid  being  thus  reduced  and  fixed  in  the  clay  as  oxide  of  vanadium. 

The  colors  which  a  greater  or  smaller  content  of  iron 
oxide  will  produce  in  the  clay,  may  be  determined  by  a  number  of 
mixtures  of  difiFerent  clays  with  a  known  content  of  iron  oxide. 
The  trials  made  for  this  purpose  were  mixed  at  the  fac- 
tory of  Mr.  March  according  to  definite  proportions,  two  clays 
always  being  mixed  in  such  proportion  that  for  o.i,  0.2,  0.3,  etc., 
of  the  one  there  was  added  one  part  by  weight  of  the  other  and, 
similarly,  with  the  second  clay.  For  the  mixtures  of  clay 
five  clays  were  used:  the  clay  highest  in  iron,  from  Helmstedt, 
contains  21.3  per  cent  of  iron  oxide  in  the  ignited  condition;  the 
Rathenow  clay  8.02  per  cent ;  the  clay  from  Belgem,  burning  to 
a  yellow  color,  4,63  per  cent;  the  clay  from  Tschim  1.02  per 
cent;  and  the  Loethain  clay  0.8  per  cent     On  comparing  the 
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colors  which  the  clays  assume  with  their  different  contents  of 
iron  oxide  it  will  be  observed  that  the  latter  does  not  increase 
in  coloring  power  above  a  certain  percentage,  while  a  decrease 
gives  rise  to  marked  differences  in  color.  Those  trials  in  which 
the  content  of  iron  oxide  lies  between  21.3  and  8.5  per  cent  do 
not  differ  essentially  in  color;  considerable  fluctuations  appear 
only  with  a  low  content  of  the  ferric  oxide ;  the  mixtures  become 
lighter,  and  finally  turn  to  white  completely.  The  color  of  the 
Belgem  clay,  whose  content  of  iron  oxide  rises  as  high  as  4.6 
per  cent,  is  characteristic,  its  color  being  an  intense  yellow.  On 
the  other  hand,  a  mixture  of  the  Loethain  and  the  Helmstedt 
clay  with  a  content  of  iron  oxide  of  4.2  per  cent  is  of  quite  a 
pale  red  color.  Without  doubt  the  iron  oxide  plays  a  rdle  in  all 
these  coloring  phenomena  in  proportion  to  its  quantity,  but  this 
is  not  the  only  consideration  which  is  to  be  observed.  The 
chemical  constitution  of  the  clay,  the  mechanical  division  of  the 
coloring  ingredient,  the  iron  oxide,  the  intensity  of  burning,  and 
finally  the  manner  in  which  the  fire-gases  have  acted  upon  the 
trials  during  the  burning;  all  these  factors  are  of  importance  in 
regard  to  the  shade  of  color  produced. 

The  mixtures  were  carried  out  in  the  following  proportions : 

I 
Qlay  prom  Hblmstbdt  and  Clay  from  Lokthain 

(Iron  oxide,  91.3  per  cent)  (Iron  oxide,  a8  per  cent) 


Pure  Helmstedt  clay 

10  parts  Helmstedt,    4  parts 

10  parts  Helmstedt,    8  parts 

10  parts  Helmstedt,  10  parts 

8  parts  Helmstedt,  10  parts 

6  parts  Helmstedt,  10  parts 

5  parts  Helmstedt,  10  parts 

4  parts  Helmstedt,  10  parts 

3  parts  Helmstedt,  10  parts 

2  parts  Helmstedt,  10  parts 

I  part   Helmstedt,  10  parts 

^  part   Helmstedt,  10  parts 

y  part    Helmstedt,  10  parts 

Pore  Loethain  day 


Loethain 
Loethain 
Loethain 
Loethain 
Loethain 


clay 
clay 
clay 
clay 
clay 
clay 


dark  red, 

not  differing 

much 

red 
brighter  red 


Content  of 

iron  oxide. 

Per  cent. 


Loethain 

Loethain  clay  still  brighter  red 

Loethain  clay 

Loethain  clay 

Loethain  clay 

Loethain  clay 

Loethain  clay 


bright  red 

yellow 

light  yellow 

white-yellow 

nearly  white 

white 


21.3 

15.4 
12.2 

ii.o 

9.9 

8.5 
7.6 

6.6 

5.5 
4.2 

2.7 

1.8 

1.3 
0.8 
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II 

Clay  prom  Ratusnow  (washed)  and  Clay  prom  Bblgern 

(Iron  oxide,  8  per  cent)  (Iron  oxide,  4.6  per  cent) 


1 

Cootentof 

1 

Color. 

■   iron  oxide. 

1 

Per  cent. 

Pure  Rathenow  clay 

dark  red 

1          8.0 

10  parts  Rathenow,    i  part    Belgem  clay 

7-7 

10  parts  Rathenow,    2  parts  Bdg^em  clay 

7'A 

10  parts  Rathenow,    4  parts  Bel^^em  clay 

7.0 

10  parts  Rathenow,    6  parts  Belgem  clay 

6.7 

10  parts  Rathenow,    8  parts  Belgem  clay 

the  colors 

6.5 

10  parts  Rathenow,  10  parts  Belgem  clay 

decrease 

1        6.3 

8  parts  Rathenow,  10  parts  Belgem  clay 

uniformly  in 

6.1 

6  parts  Rathenow,  10  parts  Belgem  clay 

intensity 

5.9 

4  parts  Rathenow,  10  parts  Belgem  clay 

5.6 

2  parts  Rathenow,  10  parts  Belgem  clay 

5.2 

I  part    Rathenow,  10  parts  Belgem  clay 

4.9 

}i  part    Rathenow,  10  parts  Belgem  clay 

4.8 

Pure  clay  from  Belgem 

yellow 

4.6 

On  burning  harder,  the  colors  become  somewhat  darker  but 
decrease  uniformly  in  intensity. 

Ill 
Clay  prom  Helmstedt  and  Ci«ay  prom  Tschirn 

(Iron  oxide,  23.1  per  cent)  (Iron  oxide,  i  per  cent) 


Content  of 

Color. 

iron  oxide. 
Per  cent. 

10  parts  Helmstedt, 

4  parts  Tschirn  clay 

dark  red 

15.5 

10  parts  Helmstedt, 

8  parts  Tschirn  clay 

dark  red 

12.3 

8  parts  Helmstedt, 

10  parts  Tschirn  clay 

dark  red 

lO.O 

6  parts  Helmstedt, 

10  parts  Tschirn  clay 

dark  red 

8.6 

%  part   Helmstedt, 

10  parts  Tschirn  clay 

light  yellow 

2.0 

%  part   Helmstedt, 

10  parts  Tschirn  clay 

lighter  yellow 

1-5 

Pure  clay  from  Tschirn     - 

nearly  white 

I.O 

The  trials  omitted  between  the  fourth  and  fifth  line  give 
rise  to  changing  colors,  and  hence  are  not  tabulated. 
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IV 

Clay  from  Bdgem  and  Clay  from  Loethain 

(Iron  oxide,  4.6  per  cent)  (Iron  oxide,  0.8  i>er  cent) 


Content  of 

Color. 

iron  oxide. 
Per  cent 

Pure  day  from  Belgem 

yellow 

4.6 

10  parts  Belgem,    2  parts  Loethain  clay 

lighter  yellow 

4.0 

10  parts  Belgem,    6  parts  Loethain  clay 

ydlow 

3.2 

10  parts  Belgem,    8  parts  Loethain  clay 

' 

2.9 

10  parts  Belgem,  10  parts  Loethain  clay 

2.7 

8  parts  Belgem,  10  parts  Loethain  clay 

gradually 

2.5 

6  parts  Belgem,  10  parts  Loethain  clay 

changing 

2.2 

4  parts  Belgem,  10  parts  Loethain  clay 

to  white 

1.9 

2  parts  Belgem,  10  parts  Loethain  clay 

1.4 

I  part   Belgem,  10  parts  Loethain  day 

* 

I.I 

Pure  clay  from  Loethain 

0.8 

The  Influence  of  the  Sulphur  in  Coal  upon  Clay  Wares 


w.  H.  Znnncx,  Ph.D.,  Trahslator 

When  examining  our  old  brick  buildings  of  northern  Germany 
the  question  is  often  asked,  why  have  these  resisted  the  attacks 
of  the  northern  climate  so  well,  while  now  it  is  difficult  to  make 
brick  of  the  same  resisting  power?  On  examining  the  old  brick 
more  closely,  the  reasons  for  their  greater  resisting  power  will 
hardly  become  evident  from  their  appearance.  They  are  made  as 
a  rule  in  a  larger  size,  hence  offering  greater  difficulty  in 
burning  uniformly  throughout  The  fracture  does  not  indicate  a 
better  mixture  of  the  body  than  is  now  possible  with  the 
better  mechanical  appliances  on  hand;  on  the  contrary  they  are 
usually  less  homogeneous.  The  glazes  applied  on  them  are 
simple,  easily  fusible,  lead  glazes  which  frequently  show  but  little 
wear.  When,  however,  we  study  our  present  front  brick,  we 
24 
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find  that  many  will  certainly  show  the  same  or  a  greater  dnra- 
bility  than  the  old  brick;  but  some,  after  a  short  time,  indicate 
such  distinct  signs  of  destruction^  due  to  the  influence  of  the  at- 
mosphere, that  they  do  not  promise  a  long  resistance  to  the 
destructive  action  of  the  weather. 

It  may  be  assumed  that  in  olden  times  as  well  as  now  brick 
materials  were  often  used  which  are  not  weather-resisting, 
but  that  only  the  better  kind  has  come  down  for  our  inspection 
since,  in  the  course  of  centuries,  the  less  resistant  materials  have 
been  destroyed.  Be  it  as  it  may,  the  view  is  widely  extant  among 
architects  as  well  as  brickmakers  that  the  brick  material  of  old 
has  been  more  resistant  to  weather  than  the  average  of  the  brick 
manufactured  to^y. 

It  was  endeavored  to  explain  this  greater  resistance  of  the 
old  building  material  by  a  better  and  more  energetic  treatment 
of  the  raw  material  and  its  better  selection.  It  has  been  said 
that  the  old  brickmakers  not  only  selected  the  clays  in  r^[ard 
to  their  suitability  to  the  manufacture  of  brick  more  carefully, 
but  that  they  dug  it  long  before  using,  allowing  it  to  freeze 
thoroughly,  spading  it  over  many  times,  thus  subjecting  it  to  the 
bleaching  of  the  rains  and  the  weathering  action  of  the  air. 
This  may  be  very  true  and  may  be  found  based  on  the  customs 
of  the  old  brickmakers,  but  it  cannot  be  denied  (and  this  is 
proved  by  the  old  bricks  themselves)  that  with  the  means  ex- 
isting to<lay  the  structure  of  the  raw  materials  is  destroyed 
much  more  thoroughly  than  was  customary  in  the  olden  times. 
At  any  rate*  the  cause  of  the  greater  resistance  of  the  older  brick 
materials  cannot  be  founded  on  the  presumed  better  working  of  the 
clay.  We  believe  that  the  cause  of  the  deterioration  in  the  weather 
resistance  of  the  brick  is  to  be  sought  in  the  fact  that  the  burn- 
ing must  now  take  place  almost  exclusively  with  the  use  of 
fossil  fuel,  peat  being  used  in  the  smallest  measure,  lignite  in  the 
greater  and  coal  in  the  greatest,  while  formerly  wood  alone 
served  as  fuel  in  burning. 

It  is  a  fact  not  to  be  disputed  that  for  the  manufacture  of  all 
clay  wares  of  whatever  kind,  wood  is  the  most  suitable  and  safest 
but  also  the  most  expensive  fuel,  and  that  for  the  last  reason, 
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with  the  exception  of  a  few  cases,  the  much  cheaper  coal  is  pre- 
ferred. If  we  now  compare  the  composition  of  the  wood  with 
that  of  the  coal  the  reasons  for  its  greater  suitability  may  be  easily 
seen.  Wood,  chemically  considered,  is  a  combination  of  carbon, 
hydrogen,  and  oxygen,  which  are  associated  only  with  very  small 
quantities  of  inorganic  matter,  ash.  The  latter  consists  princi- 
pally of  potassium  carbonate.  The  hydrogen  and  oxygen  are  ap- 
proximately in  the  proportion  in  which  they  unite  to  form  water; 
hence  the  active  constituent  of  the  fuel  is  essentially  the  carbon. 
In  the  fossil  fuels  produced  by  the  decay  of  vegetable  residue, 
however,  there  are  found,  beside  the  organic  constituents  (carbon, 
hydrogen,  oxygen),  considerable  quantities  of  inorganic  sub- 
stances. In  some  fuels  these  amount  to  30  and  40  per  cent.  They 
become  especially  injurious  by  being  converted  into  dust  in  the 
kiln  which  cannot  be  avoided  and  also  by  the  volatilization  of 
some  of  the  constituents  and  absorption  of  these  by  the  clay. 
The  sulphur  compounds  of  the  clay  which  often  are  present  in 
considerable  quantity  are  especially  injurious  in  this  respect 
since  they  likewise  are  transferred  to  the  fire-gases.  The  sulphur 
as  a  rule  is  found  in  the  fuel  in  the  form  of  iron  sulphide,  in 
brass-yellow,  cup-like  deposits,  grown  in  the  cleavage  veins  of 
the  coal  or  finely  divided  and  invisible.  In  the  latter  form,  iron 
sulphide  especially  occurs  in  the  lignite  and  peat 

On  the  combustion  of  coal  the  iron  sulphide,  under  the 
action  of  the  heat  and  the  oxygen  of  the  atmospheric  air,  is 
changed  to  iron  oxide,  the  sulphur,  however,  being  transformed 
to  sulphurous  acid  which  mingles  with  the  fire-gases.  This  gas 
may  always  be  noticed  in  the  fire-gases  originating  from  fossil 
fuels  by  its  smell.  This  sulphurous  acid  is  partially,  some- 
times even  completely,  taken  up  by  the  clay.  If  oxygen  is  still 
present  in  the  fire-gases  the  sulphurous  acid  is  oxidized  to  sul- 
phuric acid  under  the  influence  of  some  basic  body  contained  in 
the  clay,  like  potash,  soda,  lime,  magnesia  and  as  such  it  is  taken 
up  by  the  bricks.  This  becomes  especially  pronounced  in  the 
case  of  bricks  which  contain  calcium  carbonate  and  magnesium 
carbonate  so  that  they  may  be  completely  changed  in  color  by 
the  absorption  of  sulphuric  acid,  which  on  the  surface  may  be 
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present  in  quantities  up  to  lo  per  cent  and  over.  Under  the 
influence  of  carbon  monoxide  and  the  hydrocarbons  from  the 
fuel  which  are  produced  when  oxygen  is  lacking  in  the  fire-gases, 
the  sulphuric  acid  taken  up  by  Uie  brick  is  again  liberated  in 
the  form  of  sulphurous  acid  and  under  the  influence  of  these 
may  pass  out  of  the  kiln.  But  periodically  when  the  coal  has 
burned  down,  and  burning  takes  place  with  a  smokeless  flame, 
sulphurous  acid  is  again  taken  to  the  brick  from  the  fuel  to  form 
sulphates.  Such  an  absorption  of  sulphuric  acid  compounds 
by  the  brick  will  take  place  more  readily  the  easier  oxidizing 
conditions  are  produced  in  the  kiln  construction  used.  The 
continuous  kiln  system,  so  generally  used  of  late,  always  bums 
with  an  excess  of  air  unless  special  arrangements  are  made  to 
bum  with  a  smoky  flame.  In  the  old  systems  a  wider  fluctua- 
tion in  the  composition  of  the  fire-gases  takes  place,  the  burning 
being  smoky  at  one  time  and  then  again  clear  and  free  from 
smoke.  The  introduction  of  sulphuric  acid  salts  into  the  brick 
material  is  always  more  to  be  feared  in  the  use  of  fossil  fuel  than 
in  the  use  of  wood  for  burning  brick.  Although  in  the  latter 
case  the  presence  of  such  salts  in  the  raw  clay  is  not  excluded, 
the  salts  present  in  the  clay,  however,  are  destroyed  more  easily 
and  safely  in  the  burning  with  wood  than  in  the  burning  with 
coal.  For  this  reason  we  must  always  assume  the  presence  of 
the  injurious  salts  in  a  greater  measure  in  the  brick  of  modem 
manufacture  than  in  the  old  brick. 

Let  us  see  how  the  presence  of  sulphates  in  a  brick  may 
injure  their  weather-resisting  power.  We  cannot  assume  a 
chemical  action  of  the  salts  upon  the  substance  of  the  brick, 
but  we  may  detect  a  mechanical  efiEect  since  they  are  more  or 
less  soluble  in  water,  an  action  quite  similar  to  that  which  ice 
exerts  upon  brick.  As  the  ice  on  crystallization  brings  about 
the  destruction  of  the  brick  stracture,  so  we  may  also  assume 
this  in  the  case  of  the  soluble  salts  since  these  on  the  evapora- 
tion of  water  again  crystallize  from  solution.  At  the  same 
time  the  salts  are  not  deposited  as  an  extremely  fine  powder 
upon  the  surface  of  the  brick,  but  corresponding  to  the  distribu- 
tion of  the  solution  in  the  pores  of  the  brick  the  smallest  parti- 
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cles  migrate  from  place  to  place;  they  always  group  together  to 
form  separate  crystals  of  larger  or  smaller  dimensions  and  thus 
exert  a  pressure  upon  the  neighboring  particles.  The  destruc- 
tion of  the  bricks  will  take  place  most  easily  where  the  salts 
tend  to  form  large  crystals.  This  is  especially  true  of 
sodium  sulphate  and  magnesium  sulphate,  but  to  a  less 
d^;ree  of  potassium  and  calcium  sulphates.  The  same  action  is 
renewed  after  every  wetting  of  the  bricks  and  subsequent  drying; 
though  frequently  the  single  e£Eect,  on  account  of  the  small 
quantity  of  the  salts  dissolved,  is  slight,  still  the  total  effect  on 
account  of  the  frequent  repetition  of  the  same  action  becomes 
great  If  the  quantity  of  the  salts  present  in  the  brick  is  large 
they  will  appear  on  the  surface ;  it  is  said  that  the  bricks  are 
*saltpetered'  because  formerly  the  formation  of  saltpeter  in  the 
same  was  always  assumed,  which,  however,  occurs  only  in  the 
presence  of  organic  bodies.  In  most  cases  the  salts  are  com- 
pounds of  sulphuric  acid  with  potash,  soda,  lime  or  magnesia,  whose 
bases  are  always  derived  from  the  material  of  the  brick,  but 
whose  content  of  sulphuric  acid  usually  originated  from  the  coal 
with  which  the  bricks  are  burned.  The  destruction  of  the  brick 
in  the  presence  of  large  quantities  of  these  salts  is  naturally  very 
rapid,  and  the  more  so  the  more  they  are  exposed  to  a  change 
in  the  degree  of  moisture  and  the  softer  they  are  burned,  that 
is,  the  looser  their  substance  has  remained.  In  the  pres- 
ence of  smaller  quantities,  when  the  salts  can  not  find  room  in 
the  pores  of  the  brick,  but  appear  on  the  surface  of  the  same,  a 
gradual  decomposition  of  the  brick  takes  place ;  ordinarily  such 
bricks  resist  the  influence  of  the  weather  for  a  number  of  years, 
and  only  then  the  destructive  influence  gradually  makes  its 
appearance. 

But  the  burning  with  coal  has  a  great  influence,  not  only 
upon  the  weather-resisting  power  of  the  brick  (in  the  case  of 
coal  which  contains  more  or  less  sulphur,  from  the  minimum 
quantities  up  to  4  per  cent  of  iron  sulphide),  but  it  also  exerts  a 
great  influence  upon  the  color  of  the  brick  surfaces.  The  color 
assumed  by  the  brick  on  burning  may  often  be  traced  back  to 
its  content  of  sulphuric  acid.     This  is  especially  striking  with 
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those  brick  clays  which  contain  finely  divided  calcium  carbon- 
ate. Such  clays,  if  their  content  of  lime  is  large  as  compared 
with  the  content  of  ferric  oxide,  do  not  assume  the  color  ordi- 
narily given  by  this  oxide  to  the  clay  (yellowish  brown,  red- 
dish brown  or  red),  but  they  show  a  lighter  color  (flesh  color  or 
yellowish  gray).  This  color  is  to  be  referred  to  the  presence  of 
a  silicate  consisting  of  iron  oxide,  alumina,  lime,  and  silica. 

If  thus  the  lime  is  united  with  an  acid,  which  is  not  expelled 
by  silica  at  the  highest  temperature  of  the  kiln,  the  formation 
of  such  silicates  cannot  take  place  since  the  lime  must  re- 
main outside  of  this  combination.  In  this  case  only  the  iron 
oxide,  alumina  and  silica  unite,  the  color  of  this  compound 
being  much  darker,  usually  red.  The  absorption  of  sulphuric 
acid  from  the  fire-gases  prevents  the  lime  from  entering  into 
combination  with  the  silicate  of  the  brick,  since  the  calcium 
sulphate  is  not  decomposed  by  the  silicic  acid  or  its  compounds 
in  a  kiln  atmosphere  containing  oxygen.  Hence  the  bricks  are 
often  of  a  red  superficial  color,  while  at  the  fracture  and  places 
not  exposed  they  have  ordinarily  assumed  the  normal  yellow 
color.  In  this  case  the  periodic  presence  of  smoky  fire-gases 
again  gives  rise  to  a  decomposition  of  the  sulphates  produced, 
the  sulphuric  acid  being  changed  to  sulphurous  acid,  which  in 
this  state  may  be  easily  expelled.  The  color  which  now  becomes 
yellow  will,  however,  assume  a  di£Ferent  shade  in  such  places 
which  had  once  been  red  during  the  bum  owing  to  the  different 
degree  of  vitrification ;  hence,  such  places  are  made  somewhat 
prominent,  especially  when  the  decomposition  of  the  sulphates 
takes  place  only  at  so  high  a  temperature  that  the  vitrification 
of  the  brick  is  quite  pronounced.  In  firing  with  wood  such  a 
discoloration  of  the  material  is  not  to  be  feared,  owing  to  the 
lack  of  sulphur,  but  it  will  appear  on  firing  with  peat, 
lignite,  or  coal  in  a  greater  degree  the  higher  the  content 
of  sulphur  in  the  fuel,  and  the  less  the  kiln  construction  is  suited 
for  filling  the  kiln  space  with  a  smoky  atmosphere  from  time  to 
time.  Experience  has  taught  us  that  it  is  much  more  difficult 
to  produce  pure  yellow-colored  brick  with  the  later  continuous 
kiln  systems  than  with  the  older  more  wasteful  kilns  which  are 
often  retained  for  this  purpose. 
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The  absorption  of  sulphuric  acid  from  the  fire-gases  also 
becomes  noticeable  in  regard  to  color  in  clays  other  than  those 
containing  lime  and  burning  yellow,  although  not  to  such  a 
marked  extent  as  in  the  case  of  the  former ;  the  places  at  which 
the  absorption  took  place  may  always  be  recognized  after  the 
sulphuric  acid  has  been  expelled  by  smoky  fire-gases,  by  the  dif- 
ferent degree  of  vitrification  occurring  in  these  places,  differing 
from  the  other  portions  by  a  shade  or  two  in  color. 

In  the  use  of  glazes  on  face-brick  and  terra  cotta  which 
are  exposed  to  the  weather  in  the  walls  of  buildings,  the  absorp- 
tion of  the  sulphuric  acid  compounds  by  the  body,  plays  an  im- 
portant part.  That  glazed  bricks  are  more  easily  destroyed  by 
frost  than  the  same  unglazed  brick  is  an  experience  that  is  met 
with  very  often.  This  is  founded  on  the  fact  that  the  glaze  pre- 
vents the  expulsion  of  the  ice  crystals  from  the  pores  of  the  sur- 
face, which  finally  crack  off  the  entire  glazed  surface.  But 
the  penetration  of  water  into  the  brick,  though  made  more  dif- 
ficult by  the  layer  of  glaze,  is  by  no  means  prevented.  Water 
will  always  have  an  opportunity  to  penetrate  behind  the  layer 
of  glaze,  through  defects  which  are  always  present  in  the  coating 
of  glaze  and  through  the  joints  between  the  bricks.  The  crys- 
tallization of  the  ice  exerts  an  action  analogous  to  the  crystalli- 
zation of  the  sulphates,  present  in  the  clay,  on  the  addition  of 
moisture  and  drying  out  of  the  same.  A  splitting  off  of  the 
glaze  layer  owing  to  crystallization  takes  place  and  the  action 
of  the  ice  is  continued  by  the  salts  in  the  interior  of  the  brick  in 
summer.  That  the  glazes  on  the  old  brick  may  have  been  more 
durable  owing  to  a  different  composition,  cannot  well  be  assumed. 
There  is  always  used  for  this  purpose  a  mixture  of  lead  oxide, 
clay  and  sand,  though  to^ay  a  more  uniform  composition  may 
be  obtained  by  weighing  the  constituents,  while  formerly  it  was 
customary  to  measure  by  volume.  As  a  whole,  the  glazes  must 
have  had  the  same  composition  in  olden  times  as  they  have  now, 
for  more  resistant  glazes,  higher  in  silica  and  alumina,  could  not 
have  been  melted  upon  easily  fusible  bodies,  any  easier  than  we 
can  to-day. 

Let  us  now  examine  the  method  according  to  which  the 
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glazed  bricks  are  manufactured  at  the  present  time.  The  bricks 
are  first  burned ;  this,  of  course,  is  accomplished  with  coal  con- 
taining sulphur,  as  a  fuel.  The  burned  bricks  are  then  shaded 
according  to  the  color  desired  for  face-brick.  The  soft-burned 
and  discolored  bricks  thus  set  aside,  are  good  enough  to  be  coated 
with  a  colored  glaze  and  rebumed  because  slight  defects  of  the 
surface  are  not  objectionable.  These  bricks,  of  course,  have  the 
tendency  to  be  destroyed  by  weathering,  owing  to  the  deposition  of 
salts  due  to  the  sulphur  present  in  the  fire^gases.  The  burning 
of  the  glaze  is  frequently  accomplished  with  wood,  avoiding 
smoke  as  much  as  possible  during  fusion ;  that  is,  under  condi- 
tions in  which  the  salts  of  the  body  are  not  destroyed.  Still 
people  are  surprised  when,  after  a  few  years,  the  glaze  coating  of 
the  brick  splits  o£E.  If  the  bricks  were  first  burned  with  wood, 
this  would  not  take  place,  for  then  such  irregularities  in  color 
would  not  appear,  and  hence  there  would  be  no  necessity  of  ex- 
cluding some  bricks  for  the  purpose  of  glazing.  It  is  also  quite  likely 
that  formerly  (as  it  is  still  being  practiced  where  wood  is  used 
as  fuel)  the  brick  were  not  burned  twice,  but  were  glazed  in  the 
green  condition,  the  glazed  bricks  being  burned  in  the  same 
kiln  with  the  unglazed  bricks.  In  this  manner  the  danger  that 
the  body  of  the  glazed  bricks  might  take  up  salts  is  decreased 
still  more.  It  appears  very  likely  that  this  greater  resistance  of 
the  glazed  bricks  is  to  be  ascribed  only  to  this  procedure,  and  it 
should  be  the  endeavor  of  every  one,  even  to-day,  to  pay  some 
attention  to  these  conditions. 


A  Contribution  to  the  Knowledge  of  Efflorescence  on  Terra  Cotta 


W.  H.  ZnntWR,  Ph.D.,  Translator 


Among  all  those  phenomena  giving  rise  to  imperfect  prod- 
ucts, which  make  the  manufacture  of  uniformly  colored  face- 
brick  and  terra  cotta  more  difficult,  the  most  troublesome  are  the 
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salt-like  efflorescences  so  hard  to  remove  even  when  present  in 
very  small  quantities.  They  are  found  chiefly  in  places  pro- 
moting rapid  evaporation ;  that  is,  on  comers  and  edges,  and  the 
prominent  parts  of  molded  or  modeled  objects,  their  formation 
being  confined  chiefly  to  the  drying  process.  They  make  the 
manufacture  all  the  more  difficult  and  uncertain  since  they  fre- 
quently cannot  be  detected  by  the  unaided  eye  before  burning, 
and  become  visible  only  afterward,  especially  in  clays  which  are 
light-colored  in  the  raw  condition. 

The  efflorescences,  which  apparently  are  the  more  prominent 
the  slower  the  drying  process  is  carried  on,  have  so  far  not  been 
deemed  of  sufficient  importance  and  have  not  been  made  the 
subject  of  close  study.  Our  text-books  on  brick  manufacture 
contain  nothing  concerning  them.  They  deserve  much  attention, 
since  they  are  usually  found  less  on  the  sandy,  and  for  this 
reason  rough  and  porous,  materials  of  coarse  brick  than  on  the 
finer,  denser,  and  smoother  materials  of  the  better  and  more 
valuable  products  of  the  brick  industry. 

The  neglect  of  these  efflorescences,  owing  to  the  difficulty  of 
observing  them,  has  gone  so  far  that  a  number  of  establishments 
were  under  the  belief  that  the  cause  of  their  failures  in  regard  to 
the  production  of  good  colors  was  due  to  the  burning,  the  defects 
not  being  removed  in  spite  of  experiments  continued  for  years, 
while  as  a  matter  of  fact  the  trouble  in  most  cases  is  to  be  traced 
back  to  the  drying  process. 

Not  only  the  water  which  is  used  for  the  softening  of  the 
clay  contains,  without  exception,  a  larger  or  smaller  quantity  of 
mineral  constituents  in  solution,  but  also  the  clay  has  the  prop- 
erty to  retain  substances  soluble  in  water,  which  are  formed  by 
the  never-ending  decomposition  in  the  deposit;  and  the  more 
plastic  a  clay  is,  the  more  will  it  retain.  If  the  clay  has  been 
exposed  to  weathering  during  the  winter,  which  is  always  neces- 
sary for  the  better  products,  a  new  opportunity  is  afforded  for  the 
often  energetic  formation  of  soluble  salts,  especially  when  finely 
divided  iron  sulphide  is  present.  A  leaching  and  removal  of 
these  salts  will  hardly  take  place  to  any  appreciable  extent  by 
the  atmospheric  precipitates  (though  this  is  commonly  assumed) 
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for  several  reasons.  First,  because  the  moistening  of  clay  makes 
it  impenetrable,  preventing  leaching  of  any  kind,  and  again 
because  the  process  of  formation  of  the  salts  is  concluded  only 
after  many  years.  This  formation  is  especially  facilitated  by 
the  weathering  of  clay  by  frost  and  hence  begins  to  be  most 
energetic  when  the  clay  has  been  brought  to  the  condition  suitable 
for  manufacture.  The  removal  of  soluble  salts  formed  by  the 
weathering  of  the  clay  during  the  winter  by  rain  or  snow  can 
hence  be  only  a  very  superficial  one,  and  other  industries  have 
shown  the  impossibility  of  removing,  even  approximately,  sol- 
uble compounds  from  substances  possessing  physical  properties 
similar  to  clays,  on  a  large  scale.  The  effect  of  soluble  salts  be- 
comes the  more  unpleasant,  since  the  process  of  formation  goes  on 
during  the  working  of  the  clay  and  during  the  drying,  and  since 
such  saline  clays  have  a  special  tendency  to  give  rise  in  the  kiln 
during  the  water-smoking  process  to  other  discoloring,  salt-like 
efflorescences. 

Since  the  evaporation  of  the  water  on  drying  can  take  place 
only  at  the  surface  or  only  to  a  slight  depth  in  the  case  of  sandy, 
porous  clays,  all  the  moisture  must  first  be  taken  to  the  surface 
by  capillary  attraction,  before  it  can  be  evaporated.  In  this 
manner  the  salts  taken  into  solution  are  brought  to  the  surface 
where  they  remain.  The  denser  the  solution  of  salts,  the  closer 
to  the  surface  will  they  be  deposited. 

The  salts,  thus  segr^ated  after  the  removal  of  the  water, 
form  either  a  dusty  coating  or  wart-like  crystals  of  microscopic 
size,  very  difficult  to  observe  by  the  inexperienced  eye  if  their 
color  is  similar  to  that  of  the  clay,  because  they  enclose  a  clayey 
substance  within  their  aggregations.  They  become  decidedly 
visible  only  after  burning,  being  usually  white,  gray,  or  yellow- 
ish, and  are  then  firmly  burned  into  the  clay  body,  being  difficult 
to  remove  either  mechanically  or  chemically. 

The  removal  of  these  undesirable  coatings  has  often  been 
the  subject  of  empirical  experiments  but  only  in  a  few  cases 
have  these  been  entirely  successful.  The  means  of  removing 
them  are  either  mechanical  (rubbing  off,  brushing,  dipping  in 
tar  or  similar  substance)  or  chemical.     The  former  can  be  used 
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only  for  some  products  and  for  discolorations  which  do  not  ad- 
here very  firmly ;  the  latter  presume  an  exact  knowledge  of  the 
chemical  composition.  Owing  to  the  slight  consideration  given 
to  the  soluble  salts  contained  in  the  clay  on  account  of  their 
small  amounts  in  practice  as  well  as  in  the  scientific  examina- 
tions of  clays,  the  chemical  composition  of  this  part  of  the  clay 
is  hardly  ever  given  the  proper  attention  and  still  it  is  of  im- 
portance because  only  knowledge  of  the  kind  and  quantity  will 
show  the  means  of  converting  them  into  insoluble,  and  hence 
harmless,  compounds. 

In  many  cases  such  efflorescence  is  considered  as  originating 
from  calcium  sulphate,  magnesium  sulphate,  calcium  carbonate, 
and  magnesium  carbonate.  Qualitative  analysis  has  always 
shown  me  these,  beside  other  constituents.  We  find,  however, 
from  the  analyses  quoted  later  on  that  the  composition  may  differ 
very  much  in  places  close  together ;  hence,  the  reagents  for  re- 
moving them  must  also  be  very  different 

Among  the  different  veins  of  clay  used  at  the  Si^;ersdorf 
works  for  the  manufacture  of  face-brick  and  terra  cotta,  there 
have  been  observed  two  layers,  one  of  an  aSh-gray,  and  another 
of  a  blackish  clay  which  possesses  the  above  bad  quality,  and 
hence  in  the  manufacture  of  better  products  are  to  be  kept  sep- 
arated from  the  other  materials  of  the  bank  which  do  not  con- 
tain the  salts.  These  clays  in  the  raw  condition  show  a  distinct 
salt-like  efflorescence  on  the  comers  and  edges  of  the  lumps  on 
being  exposed  to  the  air  for  some  time.  In  order  to  determine 
the  nature  of  this  efflorescence,  a  larger  quantity  of  the  clay  was 
boiled  with  distilled  water  and,  after  settling,  the  perfectly  clear 
liquid  was  evaporated  to  dryness  and  the  salt  obtained  was  ana- 
lyzed. The  salt  obtained  from  the  gray  clay,  A^  was  crystalline, 
colored  dark  by  organic  matter,  and  slightly  deliquescent ;  that 
obtained  from  the  blackish  clay.  By  was  yellowish  green,  ex- 
tremely hygroscopic,  deliquescing  in  a  short  time  to  a  sirup-like 
fluid  in  moist  air. 

The  composition  of  these  salts  was  found  to  be : 
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Prom  grmy  clay. 

Prom  btafCk  ciay. 

Per  cent 

Per  oeat. 

Sulphuric  acid 

55- 13 

55.05 

Lime        -            -            .            -            . 

11.24 

trace 

Magnesia 

II. 10 

4.42 

Ferric  oxide  with  small  quantities  of  fer- 

rous oxide        .... 

6.22 

32.15 

Alumina        .... 

0.41 

2.16 

Alkalies 

4.82 

1.28 

Organic  matter 

5.41 

trace 

Water,  chlorine,  and  constituents  not  deter- 

mined ..... 

5.67 

4.94 

100.00 

100.00 

Prom  this  the  composition  is  calculated  as  follows : 

A 

B 

Per  cent 

Per  cent. 

Calcium  sulphate     - 

27.84 

trace 

Magnesium  sulphate 

33.30 

13.26 

Sulphate  of  iron 

15.55 

72.20 

Aluminum  sulphate 

1.39 

7.25 

Alkaline  sulphates   - 

8.82 

2.52 

Organic  matter  .... 

5.41 

trace 

Water  and  constituents  not  determined 

5.67 

4.94 

100.00 

100.00 

It  is  thus  seen  that  in  A  the  salts  of  calcium,  magnesium 
and  the  alkalies  predominate,  and  all  possess  a  decided  tendency 
to  crystallize,  this  being  the  cause  of  efflorescence,  and  hence 
may  exert  a  very  injurious  influence  even  in  smaller  quantities. 
In  B  the  deliquescent  salts  of  iron  and  alumina  predomi- 
nate, which  crystallize  with  difficulty  and  disturb  the  crystalliza- 
tion of  other  salts,  thus  being  less  injurious  even  in  larger  amounts 
than  the  first 

That  the  soluble  salts  contained  in  the  bricks  are  really  con- 
centrated on  the  surface  by  drying,  is  proved  analytically  in  the 
examination  of  an  ordinary  brick  made  from  these  materials 
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which  on  its  surface  showed  gray,  wart-like  crystalline  segre- 
gations when  in  the  air-dry  state.  The  outside  layer,  about  0.5 
mm.  thick,  has  a  sulphuric  acid  content  of  1.51  per  cent,  the 
interior  only  of  0.70  per  cent  Assuming  the  content  of  sul- 
phuric acid  in  the  soluble  salts  as  being  55  per  cent  according 
to  the  above  analysis,  this  would  correspond  to  a  content  of  solu- 
ble matter,  giving  rise  to  efflorescence,  of  2.75  per  cent  in  the 
outside  layer,  0.5  mm.  thick,  and  of  1.27  per  cent  in  the  interior 
of  the  brick. 

At  the  last  annual  convention  of  the  society,  the  question 
of  preventing  the  efflorescence  mentioned  was  discussed  in  a 
paper  by  Mr.  Mertin.  Owing  to  the  importance  of  the  subject, 
which  has  become  the  all-important  question  for  many  establish- 
ments, I  believed  that  I  should  not  hold  back  this  communica- 
tion, little  as  it  is  able  to  throw  full  light  upon  the  phenomena 
of  efflorescence.  It  will  show  this  much,  however,  that  the 
chemical  removal  of  efflorescence  by  empirical  trial,  which  is 
adapted  to  one  condition,  will  be  far  from  insuring  a  similar  suc- 
cess at  another  place,  and  that  the  cost  of  the  process  will 
always  be  influenced  by  the  quantity  as  well  as  the  kind  of  the 
additions  required  for  the  fixing  of  the  injurious  salts. 


Yellow  and  Green  Efflorescence  on  Brick  Fronts 


W.  H.  ZZMMXX,  PH.D.,  TXANSLATOX 

Although  the  buff-burning,  so-called  lignite,  clays  are 
especially  suited  for  the  manufacture  of  front  brick  and  terra 
cotta  on  account  of  the  agreeable  shades  of  color  which  they 
assume,  the  products  manufactured  from  them  often  take  on  an 
undesirable  coating,  when  exposed  to  atmospheric  precipitations, 
with  a  yellow,  intensely  green,  or  even  bluish  green  efflorescence, 
which,  disagreeable  in  itself,  after  some  time  takes  on  a  dirty, 
brown,  or  blackish  color.    The  phenomenon  appears  to  take  place 
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most  readily  when  the  burning  of  the  clay  is  not  hard  enough, 
and  as  a  rule,  not  all  of  the  products  of  the  same  bum  are 
affected  in  this  way,  frequently  only  a  few  bricks.  It  often 
appears  a  few  days  after  the  ware  has  been  taken  from  the  kiln, 
sometimes  after  a  longer  while,  especially  after  being  exposed 
to  the  weather  during  the  winter,  and  often  after  the  products 
have  been  walled  up.  The  last  is  the  wotst  thing  that 
could  happen.  The  phenomenon  is  almost  a  general  one,  since 
it  embraces  all  those  clay  ware  manufacturers  who  obtain  their 
materials  from  the  great  North  German  lignite  horizon,  which 
extends  from  the  Oder  to  the  Elbe,  and  farther,  including  the 
Lausitz,  and  a  part  of  the  province  of  Saxony.  There  are  but 
few  manufacturers  who  can  boast  of  being  entirely  free  from  the 
evil  and  who  have  not  experienced  at  least  a  periodic  si^;e  of 
the  trouble. 

A  great  deal  of  investigation  has  been  carried  on  with  refer- 
ence to  this  disagreeable  phenomenon,  but  the  question  as  to  its 
causes,  which  alone  makes  its  prevention  possible  with  safety, 
has  not  been  solved  in  a  satisfactory  and  conclusive  manner.  It 
has  often  been  explained  as  being  a  growth  of  low  organisms,  an 
algae^  which  takes  from  the  brick  its  mineral  nourishment,  and 
frequently  this  is  really  the  cause. 

In  many  cases,  however,  the  colored  efflorescence  appearing 
on  the  surface  of  the  clay  has  a  salt-like  character,  and  forms 
crystalline  or  wart-like  deposits  which  permit  only  a  mineral 
origin.  Such  efflorescences  have  been  frequently  examined  and 
communications  in  regard  to  them  are  contained  in  the  technical 
journals. 

Efflorescences  of  this  sort  have  often  been  considered  as  be- 
ing colored  metallic  salts ;  thus  Dr.  Cohn"  believes  that  they  are 
iron  salts  which  have  not  been  decomposed  on  burning,  and  that 
others  are  suspected  cobalt  compounds  ;  and  I  myself  have  suc- 
ceeded in  one  case'  in  proving  the  pigment  on  a  red  brick  with 
green  efflorescence  to  be  chromium  compounds. 

If  in  the  investigation  communicated  to^ay  I  ascribe  the 


>  Thonindustrie  S^itung,  No.  a6, 1877. 

3  Dentsche  Toepfcr  tmd  Ziegler  ZeituaiTt  No.  34,  1877. 
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color  to  still  another  metal,  I  do  not  mean  to  imply  that  its  pres- 
ence in  clay  is  in  all  cases  the  cause  of  the  trouble,  but  often  this 
will  be  true ;  hence  the  presence  of  the  metal  demands  the  atten- 
tion of  those  who  are  in  position  to  contribute  to  the  explanation 
of  the  undesirable  colorations. 

In  the  case  under  investigation  the  material  consisted  of 
cream-colored  face-brick,  made  from  lignite  clay  near  Witten- 
berg. These  showed  a  very  intense  gold-yellow  coating,  recog- 
nized tmder  the  magnifjdng  glass  as  wart-like  accumulations  of 
salts,  spreading  sometimes  over  entire  surfaces,  sometimes  only 
over  comers  and  edges,  after  they  had  been  exposed  to  the 
weather  for  some  time.  Brick  coated  with  a  similarly  colored 
efflorescence  may  be  found  on  many  brick  buildings  and  all 
brick  tiles.  The  colors  remind  one  of  the  yellow  colors  of  the 
chromates,  and  the  green,  of  the  chromium  dxide,  indicating  the 
presence  of  a  chromium  compound,  which  I  had  proved  in  an- 
other case  some  time  before.  This  appeared  probable,  since  a 
small  piece  of  brick,  on  being  placed  in  cold  water,  colored  the 
latter  an  intense  yellow  color,  while  the  yellow  color  of  the 
specimen  disappeared  entirely  and  the  green  partially.  Un- 
doubtedly one  had  to  deal  with  a  colored  soluble  salt  The  yel- 
low color,  however,  did  not  prove  to  be,  as  was  assumed  at  first, 
due  to  chromic  acid,  but  to  vanadic  acid. 

Vanadium  belongs  to  the  rare,  and  for  this  reason  less 
known,  metals  whose  compounds  possess  very  intense  and  lively, 
but  also  quite  variable,  colors,  since  many  of  its  combinations  are 
unstable.  The  compounds  of  the  highest  oxide  of  vanadium, 
vanadic  acid,  possess  partly  a  very  rich  yellow  color,  but  some- 
times they  are  colorless.  Under  reducing  influences,  like  organic 
matter  or  hydrogen  sulphide,  they  are  easily  changed  to  the 
usually  green  or  blue  hydrous,  or  brown  anhydrous,  com- 
pounds of  the  lower  degree  of  oxidation.  For  the  purpose 
of  proving  this  interesting  body,  the  colored  parts  of  a 
number  of  front  brick  were  split  off  with  a  steel  chisel  and 
digested  in  cold  distilled  water.  The  gold-yellow,  intensely  col- 
ored solution,  after  having  allowed  the  brick  dust  to  settle,  was 
evaporated  to  dryness,  and  on  being  heated  for  some  time,  lost 
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its  yellow  color  almost  entirely,  but  it  again  appeared  on 
concentration.  When  strongly  concentrated  the  solution  as- 
sumed an  intensely  gras&green  color,  and  after  having  been 
evaporated  to  dryness  completely,  a  bluish  green  deliquescent 
salt  was  left  behind,  which  redissolved  in  water  and  dilute  nitric 
acid.  Prom  this  salt,  in  which  vanadium  was  proved  beyond 
doubt,  pure  vanadic  acid  was  prepared  according  to  the  method 
given  by  Rose.'  The  salt  was  dissolved  in  nitric  acid  and  pre- 
cipitated from  the  green  solution  of  vanadium  compounds  with 
barium  chloride  and  ammonia  as  a  chocolate-colored  powder, 
which,  after  washing  and  drying,  was  dissolved  in  hot  concen- 
trated sulphuric  acid  and  poured  into  a  large  volume  of  cold 
water  in  order  to  precipitate  the  barium  sulphate.  The  solution 
of  vanadic  and  vanadous  add  in  sulphuric  acid  was  of  the  color 
of  copper  sulphate ;  from  this,  by  evaporating  to  dryness  and 
driving  off  the  sulphuric  acid  on  subsequent  oxidation  with  nitric 
acid,  the  vanadic  acid  was  obtained  as  a  red  fused  mass  which 
showed  all  the  characteristic  reactions  of  vanadic  acid.  This 
is  not  the  place  to  go  into  details,  but  those  who  are  inter- 
ested are  referred  to  Rose's  **  Handbook  of  Analytical  Chem- 
istry." 

It  has  long  been  known  that  vanadium  not  only  accom- 
panies many  iron  ores,  though  in  extremely  small  quantities, 
but  also  many  clays,  yet  it  has  not  been  observed  that  it  exists 
as  soluble  compounds  in  burned  clay.  On  account  of  the  small 
amounts  in  which  it  exists  it  is  never  found  in  the  ordinary 
course  of  analysis ;  but  since  the  compounds  possess  such  an 
extraordinary  coloring  power  they  may  give  rise  to  very  con- 
spicuous coloring  phenomena. 

Since  in  one  and  the  same  bum  not  all  the  products,  but 
only  a  few  pieces,  show  the  colored  efflorescence  mentioned,  it 
is  to  be  assumed  that  the  manner  of  burning  {t,  ^.,  the  nature  of 
the  fire-gases)  exerts  an  essential  influence,  inasmuch  as  the  vana- 
dium compound  present  may  exist  in  the  burned  clay  sometimes 
in  the  soluble  and  again  in  the  insoluble  form.  What  influences 
may  effect  these  conditions  must  be  left  for  further  investigations. 

'  "Handbook  of  Aniajtical  Chemistry,"  1871. 


On  Vanadium  Compounds  in  Lignite  Clay  and  the  Yellow  and 
Green  Discolorations  Caused  by  Them  on  Terra  Cotta 


W.  H.  ZiMMBK,  PH.D.,  TRAVSLATOS 

In  the  preceding  article  upon  the  examination  of  the  disa- 
greeable yellow  and  green  efflorescence  which  very  frequently  is 
found  on  terra  cotta  manufactured  from  the  lignite  clays  of 
northern  Germany,  and  which  appear  after  burning,  or  after 
walling  up,  I  have  shown  that  they  consist  of  vanadium  com- 
pounds. These  can  be  dissolved  out  as  soluble  salts,  after  the 
burning  of  the  clay  and  appear  on  the  surface  as  wart-like  crys- 
talline segregations  after  the  wetted  products  have  again  be- 
come dry,  thus  spoiling  the  appearance  of  the  ware.  Owing  to 
the  wide  extent  of  this  trouble  we  must  give  our  attention  to  a 
substance  which  so  far  has  not  been  considered,  but  which  has 
proved  to  be  an  enemy  to  the  clay  industry,  for  only  after  know- 
ing the  causes  of  the  evil  are  we  enabled  to  look  for  means  of 
remedying  it 

It  was  first  necessary,  after  proving  qualitatively  the  pres- 
ence of  the  colored  vanadium  compounds,  to  determine  in  what 
form  and  in  what  quantities  these  are  present  in  the  clay  after 
burning,  and  again  by  what  substances  they  are  accompanied, 
in  order  to  arrive  at  a  starting-point  as  to  the  ways  of  removing 
the  evil.  For  this  purpose  more  extensive  experiments  were 
made. 

First  it  was  necessary  to  obtain  sufficiently  large  quantities 
of  the  interesting  green  substance  for  the  purpose  of  examina- 
tion. As  a  material  for  the  investigation  face-bricks  were  used 
from  the  stock  of  a  clay  works  on  the  Elbe,  which  were  afflicted 
with  the  trouble,  and  which  were  placed  at  my  disposal  by  the 
proprietor. 

The  material,  in  pieces  of  a  maximum  thickness  of  i  cm., 

was  placed  in  distilled  water,  the  latter  being  poured  off  after 

a  digestion  of  twenty-four  hours,  and  being  renewed  as  often  (six 

times)  as  it  showed  a  perceptible  yellow  color  in  the  time 

25 
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given.  The  gold-yellow  liquid  was  evaporated  to  dryness,  after 
settling  out  the  brick  dust,  in  a  large  platinum  dish.  On  strong 
concentration  and  cooling,  small  orange-red  crystals  were  formed 
from  the  yellowish  green  fluid ;  on  evaporation  there  resulted  a 
brownish  yellow  salt,  green  after  rubbing  to  a  powder.  In  this 
manner  from  1550  grams  of  brick  dust,  2.3995  grams  of  the  salt 
containing  vanadium  could  be  obtained,  corresponding  to  a  155 
percent 

The  composition  of  this  salt  which  must  be  identical  with 
the  yellow  or  green  substance  found  on  brick  fronts  was,  accord- 
ing to  chemical  analysis, 

Feroest. 

Potash            .....  1^.82 

Soda         ......  3.17 

Wme  ---.-.  3.24 

Magnesia-           -           .           .           -           .  3.34 

Almnina  and  ferric  oxide  0.77 

Vanadic  acid*       -           -           -                        -  ^-43 

Molybdicacid            ....  1.12 

Sulphuric  acid'    -           -           •                       -  15.70 

Silicic  add     .....  2.07 

Chlorine*              .....  2.63 

Water            .....  18.25 

Insoluble  residue            ....  0.46 

100.00 
Distributing  the  acids  among  the  bases  the  mixture  of  salts 
may  be  calculated  to  consist  of : 


Potassiun  vanadate  44.38 

Potassium  sulphate        ...  ^.ol 

Calcium  sulphate                                -  7.97 

Magnesium  sulphate  10.02 

Sodium  molybdate  1.62 

Sodium  chloride             ...  4.4^ 

Soluble  silicates      -              -              -  3.82 

Water             ....  18.25 

Insoluble  matter     ...  0.46 

100.00 

>  Mean  of  two  nearly  coinadina  weighings.  The  vanadic  add  is  obtained  hj 
precipitatina  ammoninm  vanadate  after  removing  the  alkaline  earths  and  alumina 
with  sodium  carbonate  and  ammoninm  chloride  and  precipitating  from  the  acid 
filtrate  the  molybdenum  by  means  of  hydrogen  sulphide  as  molybdenum  sulphide. 
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It  is  thus  seen  that  the  efflorescence  consists  essentially  of 
potassium  vanadate  which  is  accompanied  by  calcium  sulphate, 
magnesium  sulphate,  alkaline  sulphates  and  salt,  substances 
which  form  the  salt-like  efflorescence  on  walls. 

The  presence  of  molybdic  acid,  though  only  in  small  quan- 
tity, is  interesting,  it  being  a  compound  of  the  likewise  rare  metal, 
molybdenum,  which  in  its  properties  is  closely  related  to  vana- 
dium, and,  like  the  latter,  possesses  intensely  colored  compounds. 

Vanadium  is  a  gray,  difficultly  fusing  metal,  and  enters  with 
oxygen  into  three  combinations  which  may  be  contained  in  the 
clay. 

The  vanadous  oxide  (68.55  P^i^  hy  weight  of  vanadium 
plus  8  parts  by  weight  of  oxygen)  is  black  and  produces  no  solu- 
ble compounds. 

Vanadium  oxide  (68.55  vanadium  plus  16  oxygen)  whose 
soluble  salts  are  usually  green  or  blue. 

Vanadic  acid  (68.55  vanadium  plus  24  oxygen)  all  of  whose 
salts  are  soluble  and  possess  an  intensely  yellow  color. 

The  coloring  power  of  the  vanadic  salts  is  so  extraordinarily 
intense  that  it  becomes  evident  when  all  means  of  determining 
vanadic  acid  fail. 

Beside  the  compounds  mentioned  there  are  some  of  the  two 
last  ones,  that  is,  vanadates  of  vanadium  oxide  which  possess  an 
intensely  green  color,  and  in  part  are  soluble  in  water,  and  also 
of  great  coloring  power.  These  are  produced  from  compounds 
of  vanadic  acid  when  they  come  in  contact  with  reducing  sub- 
stances (dust,  organic  matter,  hydrogen  sulphide,  etc.). 

The  compounds  of  the  molybdenum  oxide,  corresponding 
to  the  vanadium  oxide  in  their  composition,  are  blue  or  purple ; 
those  of  molybdic  acid  are  colorless ;  vanadium  molybdate,  as 
well  as  molybdenum  vanadate,  is  likewise  green  in  color. 

We  are  unquestionably  dealing  with  these  substances  in  the 
color  phenomena  under  discussion,  and  the  experience  of  practi- 
cal work  agrees  perfectly  with  the  theoretical  facts.  The  yel- 
low salts  appearing  at  first  are  changed  to  green  or  blue  com- 
pounds by  the  dust  and  impurities  of  water,  by  the  soot  which  is 

'  Prof.  Seger  makes  use  of  the  old  assumptions  made  by  Bexzelins,  which  are 
incorrect    This  does  not,  however,  a£Fect  Prof.  Seger's  results.— Hd. 
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deposited,  or  by  the  gases  produced  by  decay.  The  colors  are 
so  characteristic  that  any  one  who  has  ever  seen  them  on  one 
material  will  immediately  recognize  them  again.  They  are  seen 
on  nearly  all  building  fronts,  storage  piles  and  brick  plants 
which  use  lignite  clay ;  and  no  establishment  is  known  to  use  it 
which  does  not  suffer  from  the  evil  of  the  efflorescence  discussed, 
at  least  occasionally,  though  most  of  them  very  severely,  as  far 
as  the  lignite  clays  so  widely  extant  in  northern  Germany  are 
used  as  raw  material. 

Perhaps  to  the  clay  ware  manufacturer  it  may  be  interesting 
to  find  that  we  are  dealing,  day  by  day,  with  a  substance  in  our 
clays  which  up  to  the  present  time  has  been  considered  one  of 
the  rarest,  and  which  is  rarely  mentioned  by  chemists,  but  which 
is  here  shown  to  be  widely  distributed  though  existing  only  in 
small  quantities, — ^but  what  practical  advantage,  what  money 
value  has  this  knowledge?.  I  r^^ret  that  I  am  not  in  position 
at  present  to  give  ways  and  means  of  removing  this  enemy  of 
the  clay  industry  with  absolute  success.  The  properties  of  vana- 
dium compounds  have  been  examined  less  than  those  of  the 
more  common  metals,  and  it  is  difficult  to  give  at  once  a  means 
of  rendering  them  harmless.  But  at  any*  rate  by  knowing  the 
causes,  opportunity  is  given  to  study  the  trouble  in  a  definite 
direction,  and  I  will  not  neglect  to  communicate  my  views  in 
regard  to  the  means  (as  far  as  this  is  possible  for  me  to-day)  which 
practice  must  use  and  to  mention  my  experiments  made  in  this 
direction. 

It  is  hardly  to  be  assumed  that  the  vanadium  compounds, 
be  they  what  they  may,  appear  only  in  some  pieces  of  the  prod* 
uct  in  such  an  unpleasant  manner,  because  they  are  mixed  with 
the  clays  tised  at  random,  but  there  is  a  certain  justification  in 
saying  that  they  are  considered  as  general  constituents  peculiar 
to  the  lignite  clays  of  the  plains  of  northern  Germany.  Less  vari- 
ation is  perhaps  shown  in  regard  to  the  stronger  or  weaker  ap- 
pearance of  the  green  color  in  different  parts  of  the  clay  deposit, 
than  is  true  of  the  separate  bums  in  which  the  raw  product  has  not 
been  specially  selected,  and  which  in  the  several  positions  of  the 
kiln,  result  in  products  that  possess  a  greater  or  less  tendency  to 
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show  efflorescence.  Thus  in  the  establishment  mentioned  above, 
green  colors  are  found  especially  in  the  back  parts  of  the  par- 
tially continuous  kiln  used,  while  the  front  parts  are  nearly 
always  free  from  them,  and,  as  a  rule,  only  the  softer  burned 
products  are  discolored.  Since  it  is  not  to  be  assumed  that  only 
the  clay  containing  vanadium  reaches  the  back  part  of  the  kiln, 
the  appearance  or  non-appearance  of  the  efflorescence  must  be 
traced  back  to  the  burning  process. 

Since  the  lower  oxidation  compounds  of  vanadium  on  heat- 
ing in  air  are  nearly  always  changed  to  those  of  vanadic  acid, 
the  appearance  of  this  strongly  coloring  combination  must  be 
ascribed  to  the  action  of  the  air.  In  fact  the  clay  examined, 
taken  from  any  green  front  brick,  on  being  ignited  at  a  dark  red 
heat  in  the  air  and  then  placed  in  water,  colors  the  latter  dis- 
tinctly golden  yellow.  This  yellow  coloration  appears  in  a  similar 
manner  when  the  clay  is  burned  in  the  trial  kiln  in  the  shape  of 
small  briquettes,  the  temperature  being  increased  up  to  between 
the  melting-point  of  silver  and  that  of  copper ;  that  is,  from  960^ 
to  1 100^.  All  the  vanadic  acid  and  vanadium  oxide  compounds 
are  easily  changed  to  vanadous  oxide,  the  only  insoluble  com- 
pound ;  vanadous  oxide  which,  on  the  admission  of  air,  changes  to 
vanadic  acid,  is  formed  by  reducing  influences  (hydrogen,  hydro- 
carbons, carbon  monoxide)  easily  produced  during  the  burning  and 
always  present  in  the  kiln.  It  was  now  endeavored  to  conduct 
trial  bums  in  such  a  manner  that  unbumed  combustible  gases 
predominated  periodically  in  the  trial  kiln  in  order  to  fix  the 
coloring  vanadium  compounds  by  vitrification  in  the  form  of 
vanadous  oxide.  In  order  to  make  the  phenomenon  more  stri- 
king, a  clay  was  soaked  with  a  strong-colored  vanadic  acid  solu- 
tion. After  burning,  the  clay  imparted  an  intense  yellow  color 
to  water,  when  placed  in  it,  if  the  burning  temperature  was 
too  far  below  the  melting-point  of  silver,  960°.  However,  when 
the  temperature  was  increased  to  beginning  white  heat  the  color 
produced  was  scarcely  noticeable,  the  clay  showing  incipient 
vitrification.  Prom  this  we  may  conclude  that  during  the  cool- 
ing (which  for  the  production  of  pure  brick  colors  takes  place  in 
an  atmosphere  containing  an  excess  of  oxygen),  the  vanadous 
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oxide  changes  to  vanadic  acid,  and  that  this  does  not  take  place, 
if  at  the  incipient  vitrification  of  the  clay,  the  lower  oxygen 
compound  of  the  vanadium  has  fused  together  with  the  silicate. 
It  will  now  be  the  task  of  kiln  builders  and  burners  to 
bring  about  these  burning  conditions;  and  that  this  may  be 
possible  without  any  new  invention  appears  from  the  fact  that 
these  conditions  exist  very  often  and  that  some  bums  or  some 
portions  of  the  kiln  contents  are  perfectly  free  from  the  dreaded 
evil. 


Quartz  Sand  in  Brick  Clay  and  One  of  Its  Peculiar  Effects 


W.  H.  ZlMMSR,  PH.D.,  TRANSLATOK 

What  difficulties  are  produced  on  changing  a  process  of 
manufacture  by  the  constitution  of  the  raw  materials  used  and 
how  little  these  properties  are  anticipated  owing  to  the  imper- 
fect knowledge  of  the  same,  is  proved  by  a  case  which  I  had  oc- 
casion to  study  several  years  ago.  I  was  incited  to  a  more  ex- 
tensive discussion  by  the  communication  of  the  results  obtained 
in  the  investigation  of  Mr.  C.  Holthof'  concerning  a  brick  clay 
which  showed  a  very  peculiar  behavior  on  being  burned  in  a  con- 
tinuous kiln,  and  the  discussion  will  certainly  be  of  interest  be- 
cause such  tender  materials  are  also  used  in  other  places. 

An  extensive  production  of  brick  is  carried  on  near  Havre 
in  France,  and  in  the  manufacture  two  very  different  raw  mate- 
rials are  used,  which  furnish  two  entirely  different  products. 
Deposits  of  a  very  ferruginous  clay,  mixed  with  a  coarse-grained 
sand,  are  found  on  the  plateau,  whose  banks,  50  to  100  meters 
high,  are  parallel  to  the  river  Seine,  which  at  this  place  widens 
like  a  bay  of  the  sea.  Prom  this  material,  blackish  blue  pavers 
are  manufactured,  very  similar  to  the  Oldenburg  clinkers.  They 
are  used  in  the  extensive  harbor  works  of  the  great  port  and  are 

>  NotubUtt  des  dentschen  Vereins  fttr  Pabrikation  von  Zie^eln,  Heft  3,  1877. 
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also  exported  to  Norway  in  laige  quantities  as  return  freight  for 
wood.  In  the  lowlands  at  the  mouth  of  the  Seine  there  are  found 
very  extensive  deposits  of  a  tenacious  material  saturated  with 
salt-water,  which  only  recently  have  been  raised  from  the  sea. 
This  place,  where  to-day  there  are  quite  a  number  of  brickyards, 
at  the  banning  of  the  19th  century  was  still  covered  with 
water.  The  material  is  extraordinarily  fine,  but  very  short, 
has  but  little  binding  power,  and  shows  strongly  the  property  of 
silt,  that  is,  finely-powdered  but  not  completely  weathered  min- 
eral residue,  which  becomes  stiff  when  undisturbed,  but  becomes 
quite  liquid  on  pressing  and  kneading. 

Prom  this  material,  bricks  are  molded  in  standard  molds  in 
the  Flemish  manner.  Yellow-colored  bricks  are  burned  in  very 
laige  open  kilns  containing  200,000  to  250,000  of  the  small 
French  size,  lump  coal  being  used  as  fuel.  These  bricks  are 
very  light  and  tender,  but  are  still  weather-resisting  enough  for 
the  mild  climate  of  Havre  to  be  used  for  the  very  extensive 
brick  construction  of  that  city. 

That  the  material  is  very  sensitive  to  a  change  in  temperature 
in  burning,  may  be  seen  from  the  fact  that  the  lowest  six  and 
ten  courses  in  the  old  kilns  are  always  badly  cracked  and  almost 
completely  unfit  for  use.  The  extremely  favorable  results  which 
had  been  produced  in  the  burning  of  blue  clinkers  in  a  continu- 
ous kiln  and  the  large  losses  which  accompany  the  manufacture 
of  these  yellow  bricks,  brought  about  the  erection  of  a  large  con- 
tinuous kiln  for  burning  the  latter.  The  result  of  the  first  cycle 
bum  was  entirely  satisfactory  as  long  as  the  continuous  kiln 
was  moist,  but  the  results  became  worse  and  worse  when  it  was 
dried  out  and  the  burning  took  place  at  a  more  rapid  rate.  The 
number  of  bricks  which  were  not  cracked  fell  as  low  as  five  to 
ten  per  cent,  a  negative  result  not  equaled  by  any  other  contin- 
uous kiln.  The  examination  of  the  raw  material  undertaken  for 
the  purpose  of  explaining  the  phenomenon,  showed  tinder  the 
microscope  that  for  the  largest  part  it  consisted  of  very  small, 
splintery  and  rounded  quartz  grains  mixed  with  many  lime  shells 
and  penetrated  by  branches  of  infusorial  earth.  A  more  exten- 
sive examination  by  chemical  and  mechanical  analysis  proved 
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that  there  was  present  only  i6  per  cent  of  clay  substance  (with 
a  size  of  grain  below  0.01  mm.  diameter),  and  that  besides  the 
fine  quartz  dust  s^d  other  mineral  residue,  31.3  per  cent  of  cal- 
cium carbonate  was  also  contained  in  the  material  In  conse- 
quence of  the  high  content  of  quartz  which,  as  is  known,  pos- 
sesses the  property  of  increasing  its  volume  on  burning,  the  clay 
does  not  shrink  in  burning  but  increases  in  volume,  correspond- 
ing to  one  per  cent  linear  expansion.  The  low  content  of  bind- 
ing material,  the  looseness  of  structure,  due  to  large  amounts  of 
calcium  carbonate  and  infusorial  earth,  and  the  property  of 
the  quartz  powder  to  expand  considerably  on  heating,  causing  a 
tension  on  the  interior,  must  be  regarded  as  the  cause  of  the 
great  tenderness  of  the  brick  material  in  burning.  The  phe- 
nomena which  occurred  correspond  precisely  to  these  facts. 

In  regard  to  the  large  content  of  lime,  it  might  be  assumed  that 
this  would  cause  a  bursting  of  the  brick,  due  to  the  absorption 
of  water  after  burning ;  this  could  not  have  been  alone  the  cause 
of  the  trouble,  because  so  long  as  the  continuous  kiln  was  wet, 
this  should  have  occurred  in  a  greater  measure,  but  a  continued 
destruction  of  the  brick  did  not  take  place  even  after  a  long 
exposure  to  the  air.  The  observation  was  also  made  that  the 
bricks  which  were  brought  up  to  the  maximum  heat  were  al- 
ready destroyed  at  a  previous  stage. 

The  kind  and  manner  of  destruction  is  shown  by  irregular 
cracks  which  are  produced,  especially  in  the  sides  facing  the 
direction  of  the  draft ;  they  penetrate  i  to  2  centimeters  deep 
into  the  brick  and  open  up  the  more  (often  as  wide  as  5  mm.), 
the  harder  the  clay  was  burned,  while  the  core  of  the  brick 
caused  the  brick  to  have  the  appearance  of  being  swollen.  At 
the  same  time  they  retained  a  moderate  ring  on  being  struck. 

In  order  to  determine  during  what  period  of  the  bum  the  bricks 
were  destroyed,  some  of  them  were  drawn  through  the  firing- 
holes  by  means  of  tongs  during  the  burning  and  during  and  after 
the  cooling,  being  examined  with  the  magnifying  glass.  It  is 
thus  shown  that  visible  cracks  appeared  as  soon  as  the  bricks 
had  reached  a  dark  red  heat  and  these  cracks  were  increased  to 
a  fine,  net-like  system  as  soon  as,  in  this  condition,  air  was  blown 
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Upon  the  surface ;  on  the  other  hand,  those  bricks  which  had 
been  heated  to  a  bright  red  heat  so  that  beginning  vitrification 
was  shown  by  a  yellow  color,  were  not  at  all  affected  by  rapid 
cooling.  Hence  it  becomes  evident  that  there  was  a  condition 
of  tension  in  the  clay  mass  in  the  first  stage  of  heating  at  which 
a  large  amount  of  quartz-powder  commenced  to  expand,  while 
the  cementing  material,  the  clay  and  calcium  carbonate,  had  not 
yet  softened.  The  effect  of  the  change  in  temperature,  which 
in  the  old  primitive  kilns  was  confined  to  the  lower  parts  of  the 
kiln,  was  repeated  in  the  operation  of  the  continuous  kiln  from 
one  row  of  fire-holes  to  the  other  on  account  of  the  flow  of  cold 
air  during  the  charging  of  the  fuel.  The  bricks  in  those  portions 
of  the  kiln,  in  which  a  rapid  inflow  of  air  always  takes  place 
during  the  first  part  of  the  burning,  were  in  the  condition  of 
greatest  tenderness. 

On  moderating  the  draft,  carefully  luting  the  firing-covers 
and  narrowing  the  firing-holes  by  means  of  iron  funnels  with  a 
small  opening  to  allow  the  falling  through  of  dust-like  coal,  the 
evil  was  somewhat  lessened  but  not  removed ;  it  was  removed 
completely  only  by  mixing  the  material  with  0.1  to  0.2  of  plastic 
clay  in  order  to  increase  the  binding  power. 

This  interesting  material  has  been  studied  more  in  detail 
by  C.  Holthof.  We  take  the  following  from  a  communication 
referring  to  the  chemical  changes  which  the  clay  constituents  of 
this  material  undergo  in  burning  in  the  presence  of  calcium  car- 
bonate. 

The  mass  possessing  but  little  binding  power  and  being 
high  in  fine  sand,  in  which  large  amounts  of  shell  residues  are 
often  found,  was  first  subjected  to  a  careful  mechanical  analysis 
with  the  Schone  washing  apparatus.  There  were  carried  over 
with  a  velocity  of  the  current  of  water  per  second. 

Between  o.io  and  0.18  mm.,  24.9  per  cent, 
Between  0.18  and  0.48  mm.,  10.4  per  cent, 
Between  0.48  and  0.99  mm.,  6.8  per  cent, 
Not  washed  out  with  0.99  mm.,  56.4  per  cent. 
Sieved  through  a  sieve  of  0.2  mm.  mesh,  1.5  per  cent. 

On  examining  these  figures  the  low  content  of  substance 
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washed  out  with  the  lowest  velocity  (that  is,  the  real  clay  sub- 
stance and  a  large  quantity  of  particles  which  cannot  be  re- 
moved) at  once  becomes  evident. 

All  the  products  of  washing,  on  being  treated  with  hydro- 
chloric acid,  effloresce  and  thus  prove  the  presence  of  calcium 
carbonate.  Under  the  microscope  they  consist  in  part  of  shells 
and  infusoriae. 

A  rational  analysis  was  made  of  the  fine  average  powder, 
heating  it  with  sulphuric  add  for  eighteen  hours  after  a  prece- 
ding treatment  with  hydrochloric  acid  for  the  removal  of  the  cal- 
cium carbonate.  The  powder,  dried  at  125^  which  on  drying  lost 
1.92  per  cent  as  compared  with  the  air-dried  mass,  showed  the 
following  analysis : 


Undecomposed  residue,  sand  47*88 

Chemically  combined  silica                           -  8.89 

Alumina              ....  3.71 

Ferric  oxide                                  -                 -  1.28 

Ferrous  oxide      ...                 -  0.86 

Lime           ....  i7-9i 

Magnesia                                                                 -  1.28 

Potash         ....  0.68 

Soda                   ....  0.17 

Phosphoric  acid            -                                    -  0.16 

Sulphuric  acid    ....  0.06 

Carbon  dioxide                               -  14-39 

Chemically  combined  water  and  organic  matter   -  2.88 

100.00 

From  these  elementary  figures  it  is  seen  that  the  mass,  with 
the  exception  of  a  little  (0.5  per  cent)  ferrous  carbonate  and 
magnesium  carbonate,  of  0.10  per  cent  of  calcium  sulphate,  and 
0.36  per  cent  of  calcium  phosphate,  consists  of : 

46  per  cent  quartz  sand  and  residue  of  crystalline  igneous  rock 

(feldspar,  mica,  etc), 
31  per  cent  calcium  carbonate,  in  the  form  of  seashells, 
12'  per  cent  day  substance,  and 
9  per  cent  of  minerals  decomposed  by  sulphuric  acid,  beside 

organic  substances. 

'  Under  the  aMumptioii  that  the  ferric  oxide  found  replaces  eqnlTalent  qnan- 


QUARTZ  SAND  IN  BRICK  CLAY  395 

The  sand  which  was  removed  was  also  examined  further; 
it  contained : 


Per  cent. 

Silica  - 

. 

94.14 

Alumina  and  traces  of  ferric  oxide 

3.25 

Lime   - 

- 

0.23 

Magnesia 

- 

0.20 

Potash 

- 

0.99 

Soda 

- 

1.90 

100.00 


This  composition  proves  that  large  quantities  of  quartz  are 
present  in  the  mass,  whose  well-known  increase  in  volume  on 
heating  evidently  is  the  cauae  of  the  increase  in  the  size  of  the 
bricks  on  burning.  For  the  purpose  of  examining  the  chemical 
reaction  taking  place  in  the  burning  of  the  body,  a  brick  made 
from  this  material  was  burned  in  a  local  stove-tile  factory  and 
was  analyzed. 

Analysis  showed,  in  terms  of  the  dried  substance,  a  content 
of  48.91  per  cent  of  insoluble  residue,  and  9.6  per  cent  of  silica, 
soluble  in  hydrochloric  acid.  These  figures  check  very  closely 
with  those  from  the  above  analysis :  47.88  per  cent  insoluble 
sand  and  8.89 per  cent  chemically  combined  silica,  the  fluctuations 
being  entirely  within  the  limits  in  which  analytical  data 
vary  even  for  very  homogeneous  materials,  unless  exactly  the 
same  average  powdered  sample  is  analyzed. 

They  show  that  only  the  silica  present  in  the  material,  which 
is  unlock«d  by  sulphuric  acid,  has  entered  into  combination  with 
the  lime,  and  that  the  quartz  sand  has  remained  virtually  un- 
changed. 

On  the  other  hand,  the  silica  of  the  clay  has  been  changed 
to  a  condition  in  which  it  has  become  soluble  in  hydrochloric 


tities  of  alumina  in  the  constitution  of  the  day,  and  that  the  chemical  water  is  not 
partially  replaced  by  equivalent  amounts  of  ferrous  oxide,  lime,  magnesia,  potash, 
or  soda,  there  is  obtained : 

4.94  per  cent  alumina  and  ferric  oxide,  chemically  united, 

S57  per  cent  silica, 

1.65  per  cent  water,  giving 

11.96  per  cent  of  clay  substance. 
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acid,  and  like  the  alumina  has  nnited  with  a  part  of  the  lime 
present' 

A  larger  part  of  the  latter,  however,  remains  as  caustic  lime 
and  to  this  is  very  likely  due  the  cracking  of  the  burned  brick 
that  is  often  obsoired. 

If  a  clay  higher  in  clay  substance  is  incorporated  with  the 
material,  there  is  no  doubt  but  that  this  trouble  would  be  over- 
come, since  on  burning  the  free  lime  unites  with  the  silica  as 
well  as  with  the  alumina  of  the  clay,  and  the  brick  would  not 
contain  any  more  free  lime. 


On  Barium  Compounds  as  an  Addition  to  Clay  in  the  Manufac- 
ture of  Face-Brick 


W.  H.  ZlKMBR,  Ph.D.,  TtLAXBUkTOWL 

While  the  green  efflorescence  caused  by  the  presence  of  vana- 
dium compounds  can  be  prevented  only  by  very  strong,  and 
during  the  last  stage  reducing,  burning  of  the  brick,  a  small 

■  According  to  the  ezperiments  made  in  the  laboratory,  thia  union  of  the  con- 
atitaenta  of  clay  and  lime  took  place  at  a  low  temperature,  and  eyen  more  completely 
than  the  combination  between  amorphona  aUica  and  lime.  It  ia  an  intereatinc  fact 
that  the  clay,  althonffh  a  baaic  ailicate,  poaaeaaea  the  property  of  nnttinff  with  baaes 
like  the  fixed  alkaliea,  lime  and  magnesia,  at  higher  temperaturea,  at  the  aame  time 
decomposing  the  leaa  atable  compounds  of  these  baaes  with  adda,  evidenUy  with 
the  formation  of  bisilicatea  in  which  the  base  replaces  the  water  of  the  day  sub- 
stance. This  behavior  of  the  hydroua  aluminum  ailicate  is  best  shown  in  the  re- 
action upon  the  nitratea  of  potaah  and  soda.  At  a  temperature  not  exceeding  the 
melting-point  of  lead  the  day  aubstance  acts  aa  energetically  upon  the  nitric  add 
aa  amorphous  silica  does  at  a  distinctly  red  heat  On  removing  the  excess  of  the 
nitrates  used  with  water  it  is  found  that  a  soluble  silicate  of  potash  or  soda  has  not 
been  formed,  but  that  a  compound  of  the  clay  with  the  potaah  or  soda  has  been  pro- 
duced,'whidi  is  difficultly  soluble  in  water,  but  easily  decomposed  by  dilute  adds, 
and  in  regard  to  which  analysia  shows  that  the  chemical  water  of  the  day  substance 
is  replaced,  according  to  the  time  of  the  experiment  and  the  temperature  employed, 
by  potash  or  soda. 

The*day  substance  decomposes  other  compounds,  decomposed  by  free  silica, 
with  greater  eaae,  though  not  as  markedly  as  in  the  case  dted.  Thus  caldum  sul- 
phate is  decomposed  by  day  with  but  a  weak  reduction  at  a  lower  temperature  than 
by  silica,  and  hence  the  clay  may  weU  be  aasumed  to  exert  an  espedally  favorable 
influence^in  the  burning  of  materials  used  for  the  manufacture  of  light-colored  face- 
brick  in  regard  to  the  production  of  pure  colors. 
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addition  of  natural  barium  carbonate  (witherite)  to  clay  prevents 
the  appearance  of  white  efflorescence  during  the  drying.  Of 
late  the  barium  chloride,  which  now  may  be  obtained  very 
cheaply  on  the  market,  is  used  for  the  same  purpose.  It  appears 
to  me  to  be  important  to  make  clear  the  function  of  the  barium 
compounds.  White  efflorescence  on  the  surface  of  face-brick  ap- 
pears only  when  the  water  in  the  pores,  giving  to  clay  its  plastic- 
ity, contains  salts  in  solution.  The  evaporation  of  the  water 
during  the  first  stage  of  drying  takes  place  exclusively  froifa  the 
surface ;  the  salts  in  solution  are  deposited  in  small  crystals  on 
the  surface  and  fresh  quantities  of  the  saline  water  are  brought 
there  by  the  capillary  attraction  of  the  clay. 

The  effect  of  the  salts,  according  to  their  nature,  may  differ 
very  much.  The  calcium,  magnesium,  aluminum,  iron,  and  sodium 
sulphates  occur  in  clays  in  larger  quantities ;  there  are  present 
also,  as  a  rule,  smaller  quantifies  of  chlorides  or  phosphates  of 
the  bases  named  or  combinations  of  the  oxides  with  acids  origi- 
nating from  the  decay  of  organic  substances.  Of  these  salts  the 
calcium,  magnesium  and  sodium  sulphates  are  especially  inju- 
rious because  they  segregate  very  easily  in  well-defined  crystals. 
The  chlorides  are  less  injurious  since  they  may  be  kept  in  solu- 
tion by  a  very  small  quantity  of  water  and  in  part  are  deliques- 
cent, so  that  they  cannot  be  deposited  in  the  solid  state  in  a 
moist  atmosphere  which  is  the  rule  in  a  brick-drying  shed. 
The  calcium  sulphate  is  most  to  be  feared  since  it  crystallizes 
first  of  all  the  salts  present,  its  solubility  being  i  part  in  450 
parts  of  water. 

Not  only  the  sulphates  present  in  the  clay  are  to  be  feared 
as  a  source  of  efflorescence,  but  also  the  water  used  in  making 
the  clay  plastic,  contains  considerable  amounts  of  salts,  being 
often  a  saturated  solution  of  calcium  sulphate  so  that  it  must 
also  be  taken  into  account.  It  is  shown  by  practical  observa- 
tions that  even  very  small  amounts  of  calcium  sulphate  are  able 
to  produce  discoloring  efflorescence  on  the  brick  and  that  a  con- 
tent of  0.1  per  cent  may  give  rise  to  disagreeable  discolorations 
of  the  surface. 
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Let'  US  now  see  how  the  barium  compounds  added  to  the 
clay  act  upon  these  salts,  and  let  us  suppose  that  barium  carix)n- 
ate  is  used.  Barium  has  the  property  of  uniting  very  energet- 
ically with  sulphuric  acid  to  form  a  compound  absolutely  insolu- 
ble in  water.  It  thus  takes  the  sulphuric  acid  from  the  sulphates 
of  lime,  magnesia,  alumina  and  iron,  in  part  also  from  the  soda, 
and  these  bases  are  likewise  changed  to  insoluble  carbonates  and 
hydroxides.  In  this  manner  it  causes  a  complete  removal  of  the 
soluble  sulphates  and  bases  from  the  water  which  fills  the  brick, 
and  subsequent  efflorescence  cannot  take  place. 

An  excess  of  the  insoluble  barium  carbonate  is  by  no  means 
injurious;  it  must  even  be  added  in  order  that  all  the  sulphates  be 
removed,  because  the  mixture  of  the  clay  with  the  barium  car- 
bonate can  never  be  made  so  intimate  that  all  of  it  becomes 
efiFective.  The  reaction  does  not  take  place  so  rapidly  that 
an  addition  of  just  enough  barium  carbonate  can  be  expected  to 
render  all  the  sulphates  insoluble.  With  a  content  of  o.i  per 
cent  of  calcium  sulphate  in  the  clay  only  a  127  per  cent  of  bar- 
ium carbonate  are  required,  but  the  addition  is,  as  a  rule,  in- 
creased to  2  per  cent  of  witherite ;  in  the  case  of  the  artificially 
prepared,  more  finely  divided,  but  somewhat  more  expensive 
preparation,  the  addition  may  be  somewhat  decreased. 

If  barium  chloride  is  used  the  amount  of  the  addition 
must  be  decreased  considerably.  Barium  chloride  is  a  salt  very 
soluble  in  water,  which,  when  dissolved  in  water,  is  easily  car- 
ried to  all  particles  of  the  clay  and  can  exert  its  action  immedi- 
ately.. But  it  will  be  necessary  to  work  more  carefully  with  it 
Though  barium  chloride  precipitates  all  of  the  sulphuric  acid,  its 
place  is  taken  by  soluble  chlorides  of  calcium,  magnesium,  and 
aluminum,  which,  being  very  soluble,  may  appear  after  a  long 
time  on  the  surface  as  efflorescence,  and  hence  large  quantities 
of  these  salts  must  be  avoided.  At  tne  same  time  any  excess  of 
barium  chloride  must  be  avoided,  since  it,  like  the  other  salts, 
would  appear  on  the  surface,  crystallizing  there  and  becoming 
noticeable  after  the  burning,  it  being  partially  decomposed 
forming  a  barium  silicate.  In  this  case  it  will  always  be  neces- 
sary that  the  required  amount  of  barium  chloride  for  the  clay. 
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as  well  as  the  water,  be  determined  analytically  in  order  to  avoid 
an  excess.  For  a  content  of  o.  i  per  cent  of  calcium  sulphate  (or 
other  sulphates)  in  the  clay  and  water,  an  addition  of  only 
0.17  per  cent  of  crystallized  barium  chloride  must  be  taken. 
An  excess  behaves  similarly  to  calcium  sulphate,  but  not  so 
energetically.  This  method  may  seem  to  be  less  suitable  on 
account  of  the  analysis  to  be  made  and  the  variations  which  may 
occur  in  the  content  of  sulphates  in  the  clay  and  water ;  still 
with  a  low  content  of  sulphates  this  method  is  not  to  be  under- 
rated on  account  of  its  cheapness.  However,  if  much  calcium 
sulphate  is  in  the  clay,  being  present,  both  in  solution  and 
in  the  form  of  larger  crystals,  sometimes  so  much  barium 
chloride  would  have  to  be  added  that  the  amount  of  the 
soluble  salts  formed  would  increase  very  much,  and  accordingly 
the  object  of  this  treatment,  the  removal  of  the  efflorescing  salts, 
would  not  be  attained.  In  such  a  case  it  is  always  better  to 
use  the  barium  in  the  shape  of  the  carbonate,  because  in  this 
way  only  a  small  part  of  the  calcium  sulphate  (that  dissolved 
in  water,  but  not  that  existing  in  the  clay  in  the  solid  state)  en- 
ters into  the  reaction.  Since  here  an  excess  of  barium  carbon- 
ate is  required,  it  will  not  be  necessary  always  to  consider  the 
content  of  calcium  sulphate  in  the  tempering  water  which  varies 
with  the  season. 

The  addition  of  the  barium  preparations  does  not  promise 
any  success  in  the  treatment  of  efflorescence  due  to  other  salts 
than  sulphates,  which,  however,  are  much  less  dangerous.  The 
barium  compounds  will  not  be  able  to  act  upon  those  kinds  of 
efflorescence  which  are  produced  by  the  action  of  the  fire-gases 
during  the  burning,  owing  to  careless  water-smoking.  The 
effect  of  the  sulphuric  acid  developed  from  the  sulphur  of  the 
fire-gases  extends  only  to  the  surface  and  not  to  the  interior  of 
the  brick,  and  again  its  quantity  is  so  large  that  the  small  amount 
of  the  barium  contained  in  the  clay  would  have  no  appreciable 
effect  upon  it  The  addition  of  barium  can  only  react  with 
those  salts  which  are  present  in  the  clay  on  drying,  and  only 
with  the  sulphates. 


The  Conditions  of  Density  of  Molded,  Re-Pressed  and  Dry- 
Pressed  Clay  and  the  Effect  of  Composition  upon  the 

Density  of  Clay  Bodies 


ALBBET  BLBINXHOBa.  B.8C.,  T&AHSLATOK 

The  main  object  in  view  in  the  manufacture  of  many  kinds 
of  day  ware  is  that  the  product  be  as  uniform  as  possible  in 
shape  and  size,  especially  when  it  is  to  be  used  for  extensive, 
uniform  surfaces,  with  regular  thin  joints,  i.  ^.,  brick  fronts, 
floors,  and  paved  walks.  The  raw  material  of  the  clay  worker 
offers  the  greatest  difficulties  in  this  direction,  since  he  cannot 
produce  from  it  directly,  as  with  other  materials,  the  pieces  in 
the  desired  sizes  by  molding,  but  must  remember  that  they 
change  their  shape,  as  well  as  their  dimensions,  during  manu- 
facture. The  manufacturer  is  rather  helpless  in  regard  to  the 
control  of  these  changes  and  the  maintenance  of  exact  measure- 
ments, for  the  changes  are  by  no  means  so  constant  that  he  could 
estimate  the  success  of  his  work. 

The  difficulties  are  founded  in  the  property  of  the  day  to 
swell  on  contact  with  water  and  again  to  shrink  on  the  evapora- 
tion of  the  latter.  Even  if  in  the  drying  of  clay  such  drcum- 
stances  are  removed  as  much  as  possible,  which  beside  a  decrease 
in  dimension  might  also  bring  about  a  warping  of  the  shape  (a 
condition  which  is  attained  in  well-equipped  plants  with  more 
or  less  success),  still  there  are  always  left  enough  difficulties  in 
regard  to  the  retention  of  the  shape  and  dimensions  in  the  pro- 
cess of  burning.  Warping  may  be  avoided  more  or  less  by  using 
the  clay  as  stiff  as  possible,  varying  with  the  shape  and  wdght  of 
the  pieces  (so  that  they  are  not  deformed  by  their  own  weight), 
and  again  by  taking  precautions  that  the  ware  does  not  become 
crooked  or  cracked  owing  to  onesided  rapid  drying.  Every  dried 
mass  of  clay  contain3  a  greater  or  smaller  volume  of  pore  space, 
according  to  the  composition  of  the  body,  its  fineness,  and  the 
manner  and  method  of  molding.  This  volume  of  pore  space  is 
increased  in  the  first  stage  of  burning,  since  several  of  the  con- 
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stituents  of  clay  are  volatilized.  These  are  the  chemically-com- 
bined water  and  organic  substances  as  well  as  the  carbon  dioxide 
in  calcareous  clays.  It  is  the  object  in  burning  the  clay,  not  only 
to  take  away  its  property  of  softening  on  absorbing  water,  which 
is  only  attained  by  the  expulsion  of  the  chemically-combined 
water,  but  also  to  make  it  dense  and  to  harden  it  by  partial  vitrifi- 
cation, so  that  it  may  be  enabled  to  withstand  the  influences  of 
the  weather  and  mechanical  abrasion. 

The  highest  degree  of  resistance  of  clay  wares  to  the  influ- 
ences named  is  reached  when  vitrification  has  been  carried  so 
far  that  the  pore  spaces  of  the  clay  are  closed  by  an  extensive 
softening  of  the  mass,  which  thus  becomes  impenetrable  to  water ; 
the  separate  constituents  are  so  fused  into  each  other  that  the 
fracture  assumes  a  glassy  or  stony  character.  This  degree  of 
vitrification  is  always  required  in  porcelain,  in  stoneware,  and 
such  clay  wares  which  are  subjected  to  a  strong  mechanical  abra- 
sion like  clinkers,  floor  tiles  and  paving  brick.  In  all  these 
products,  the  decrease  in  volume  brought  about  by  burning 
must,  in  general,  be  equal  to  the  pore  volume  existing  after  the 
first  stage  of  the  bum.  It  now  becomes  obvious  that  the  diffi- 
culties in  burning,  of  maintaining  definite  dimensions,  in  such 
products,  will  be  the  greater  the  greater  the  shrinkage  in  the  two 
processes  named,  that  is,  the  greater  is  the  quantity  of  water  re- 
quired in  molding  for  making  the  mass  workable,  and  the  greater 
the  pore  space,  which  on  the  one  hand  remains  after  the  drying 
of  the  clay,  and  on  the  other  is  produced  by  the  volatilization  of 
several  constituents  during  the  first  stage  of  the  burning.  The 
magnitude  of  the  shrinkage  in  burning  is  a  function  of  the  ratio 
of  the  pore  space  to  the  outside  dimensions  of  the  piece  when  the 
temperature  has  been  raised  to  the  point  at  which  the  pores  are 
closed  completely. 

The  first  part  of  the  shrinkage  which  takes  place  in  drying 
may  be  controlled  to  a  certain  extent  in  its  effect  upon  the  main- 
tenance of  the  proper  shape,  and  during  drying  certain  correc- 
tions are  still  possible  in  regard  to  shape.  These  may  consist  of 
covering  wet  pieces  of  clay  with  burlaps,  thus  preventing  the 

rapid  drying  of  some  parts  especially  liable  to  warping  and 
36 
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enabling  the  parts  in  which  a  slower  evaporation  of  water  takes 
place,  to  keep  step  with  the  others  in  drying ;  or,  again,  after  the 
most  rapid  shrinkage  has  taken  place,  when  the  clay  still  pps- 
sesses  slight  plasticity,  the  shape  may  be  corrected  by  re-press- 
ing, by  the  use  of  templates  or  similar  appliances. 

The  deformations  which  are  produced  during  the  drying 
cause  a  loss  only  of  the  work  expended  in  molding  and  drying, 
while  the  material  itself  may  again  be  used.  The  conditions 
are  di£Ferent,  however,  in  the  shrinkage  which  takes  place  during 
the  burning.  This  is  beyond  any  control  or  correction  and  does 
not  only  cause  a  loss  of  all  the  cost  of  labor  expended  upon  the 
ware  so  far,  but  also  of  the  cost  of  material  and  coal  inasmuch 
as  the  warping  due  to  bumii^  may  give  rise  to  waste  or  low- 
grade  products.  For  this  reason  the  manufacturer  must  not 
only  see  that  the  shrinkage  in  drying  is  reduced  to  a  minimum 
but  aliso  that  the  clay  after  completed  drying  has  already  become 
as  dense  as  possible  because  only  in  this  way  is  it  possible  to 
decrease  the  burning  shrinkage. 

The  obvious  remedy  on  hand  would  be  to  decrease  or  to  re- 
move entirely  the  drying  shrinkage  by  reducing  the  amount  of 
water  required  for  softening  the  clay  in  plastic  molding,  or  by 
neglecting  the  plastic  properties  of  clay  as  far  as  the  shape  of 
the  products  will  permit,  and  to  use  powdered  dry  clay  which, 
under  a  high  pressure,  is  united  to  a  compact  mass. 

Both  ways  have  been  followed  on  a  large  scale,  the 
latter  with  a  decided  success  in  retaining  the  shape  up  to  the 
beginning  of  burning.  Views  are  very  much  divided,  however, 
in  regard  to  the  way  bodies  can  be  produced  that  show  least 
warping  in  burning,  when  dealing  with  a  complete  vitrification 
of  the  mass ;  or  in  other  words,  as  to  how  bodies  are  obtained 
which  possess  maximum  density  before  burning  and  hence 
shrink  least  after  burning.  Since  positive  investigations  aloi^ 
this  line  do  not  exist,  it  might  be  of  general  interest  to  com- 
municate a  few  experiments  made  in  this  direction. 

Two  clays  were  used  in  this  investigation  which  are  used 
in  the  manufacture  of  clinkers  which  possess  similar  chem- 
ical and  physical  properties  and  are  widely  distributed  in  northern 
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Germany.  Both  clays  come  from  near  the  Finow  Canal,  from  Hee- 
germuehle.  The  one  is  a  calcareous,  diluvial  clay  and  is  used  in 
making  buff-colored  common  brick  and  face-brick  which  at  a 
temperature  exceeding  the  melting-point  of  gold  are  changed  to 
green  clinkers  with  a  considerable  shrinkage.  The  second  is  a 
clay  low  in  lime  and  high  in  iron ;  it  is  located  above  the  first, 
and  at  a  somewhat  lower  temperature  gives  clinkers  of  a  dark 
reddish  brown  color  which  shrink  less  in  the  fire  and  stand  up 
better  in  the  kiln.  Both  materials  are  used  in  the  finely  washed 
condition.  The  figures  given  in  the  accompanying  tables  show  the 
conditions  of  density  of  these  clays  alone,  and  also  of  mixtures 
of  the  same  and  with  powdered  clinker,  as  grog,  and  quartz  sand, 
both  used  in  sizes  of  grain  up  to  i  mm.  in  diameter. 

The  clays  as  well  as  their  mixtures  were  thoroughly  dried, 
powdered  and  pressed  into  tiles,  15  cm.  square  and  about  1.5  cm. 
thick,  on  the  hydraulic  press  of  the  Royal  Porcelain  Factory, 
used  for  making  floor  tiles.  These  were  cut,  in  three  cuts,  into 
six  approximately  equal  parts,  the  cut  surfaces  being  trimmed 
neatly  in  order  to  avoid  crumbling ;  3  parts  were  retained  for 
determining  the  porosity  in  the  thoroughly  dried  and  in  the 
burned  condition.  The  other  3  parts  were  softened  in  water 
and  from  this  mass  briquettes  6.6  cm.  long,  3.3  cm.  wide  and 
1.5  cm.  thick,  were  molded  in  a  bronze  mold  by  pressing  with 
the  hand  and  shaving  off  the  excess.  Of  these,  half  of  them 
were  immediately  dried  in  the  air,  the  other  half  re-pressed  in  the 
leather-hard  condition  in  the  bronze  mold  by  giving  a  few  light 
taps  with  the  hammer  on  a  stamp  fitting  into  the  mold  till  the 
edges  were  perfectly  sharp.  A  part  of  the  red  burning  clay  was 
spread  out  thinly  and  placed  in  a  cellar ;  it  thus  absorbed  9.5  per 
cent  of  water  from  the  air,  felt  damp  to  the  touch  and  could  be 
balled  together  somewhat  by  hand.  From  this  material  a  few 
tiles  were  also  made  on  the  hydraulic  press,  once  under  the  full 
pressure  of  the  press  and  again  using  only  the  larger  of  the  two 
pressure  pumps. 

The  determination  of  the  porosity  of  the  clay  bodies  molded 
under  the  different  conditions,  was  accomplished  by  direct  meas- 
urement of  the  raw  as  well  as  the  burned  test  pieces  in  such 
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manner  that  the  exterior  volume  was  determined,  and  also  the 
amount  of  indifferent  liquid  which  was  taken  up  on  the  com- 
plete saturation  of  the  clay.  For  this  purpose  there  was  used 
for  the  unbumed  clay  heavy  petroleum  of  a8o5  specific  gravity, 
obtained  by  freeing  ordinary  petroleum  from  the  light  oils  by 
jf==^  boiling  till  its  boiling-point  had  risen  to  i8o^.  The 
^^  ^  brown  residue  was  decolorized  by  shaking  with  con- 
>K  centrated  sulphuric  add  and  caustic  soda,  and  con- 

sisted of  a  dear  blue  opalescent  liquid,  almost  odor- 
less, which  was  completely  indifferent  to  the  unbumed 
clay.  For  the  determination  of  porosity  the  burned 
pieces  were  saturated  in  water.  In  order  to  be  sure 
that  all  bubbles  of  air  had  been  removed,  the  pieces 
were  first  saturated  completely  with  alcohol,  and  then 
thrown  into  boiling  water  and  allowed  to  boil  in  it  for 
some  time  till  all  the  alcohol  was  evaporated,  and 
finally  they  were  allowed  to  cool  under  water. 

A  spedally  constructed  apparatus,  shown  by  the 
accompanying  illustration,  was  used  for  the  determina- 
ation  of  the  volume  of  the  test  pieces.  This  consists 
of  a  glass  bottle.  A,  holding  about  i  liter, 
which  is  provided  at  the  side  near  the  bot- 
tom with  a  glass  cock,  and  above  the  latter 
with  a  projection  which  is  connected  with  a 
burette,  a,  containing  50  to  60  cc  and  di- 
vided into  0.1  cc.  The  wide  neck  c  of  the 
bottle,  which  serves  for  the  introduction  of 
Lthe  test  pieces,  is  5  to  6  cm.  wide  and  can 
be  closed  by  a  wdl-ground  glass  stopper, 
hollowed  out  at  the  bottom.  This  glass 
stopper  is  provided  with  an  opening  into  which  a  thin  glass  tube, 
d,  is  inserted,  and  which  on  top  is  provided  with  an  open  bulb. 
This  tube  has  a  mark  etched  on  it  which  is  at  the  same  levd 
with  the  zero  point  of  the  burette  a.  To  the  upper  end  of  the 
burette,  which  is  drawn  out  to  a  thin  tube,  a  rubber  tube  is  at- 
tached which  may  be  dosed  by  a  pinch-cock. 

In  order  to  determine  the  volume  of  a  clay  body  in  this  ap 
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paratus  the  latter  is  first  filled  with  boiled  water  or  on  measuring 
unbumed  bodies  with  heavy  petroleum  in  such  a  manner  that  the 
liquid  reaches  the  two  zero  points  in  the  tubes  a  and  b.  Any 
air  bubbles  are  to  be  removed  by  inclining  the  apparatus,  col- 
lecting the  bubbles  in  the  hollow  of  the  large  glass  stopper,  and 
exhausting  them  through  the  tube  b.  The  addition  of  liquid 
takes  place  through  the  small  tube  b^  the  removal  through  the 
lower  cock.  The  apparatus  being  ready  the  burette  a  is  filled 
completely  by  suction  through  the  rubber  tube  and  kept  filled  by 
closing  the  pinch-cock.  The  wide  neck  c  is  then  opened,  and  the 
test  piece,  which  before  has  been  saturated  with  water  or  petro- 
leum and  has  been  dried  superficially,  is  thrown  in.  After 
closing  the  neck  r,  and  opening  the  pinch-cock  just  a  little,  so 
much  liquid  is  allowed  to  run  from  the  burette  into  the  bottle 
Ay  that  after  the  expulsion  of  all  air  bubbles,  the  liquid  rises  to 
the  zero  point  of  the  tube  b.  The  volume  of  liquid  which  has 
been  displaced  by  the  body  is  then  found  in  the  burette  a  and  it 
can  be  read  off  directly.  For  further  determinations  so  much 
liquid  is  to  be  removed  through  the  cock  without  removing  the 
test  pieces  previously  used,  that  the  level  in  the  burette  again 
stands  at  zero,  and  after  drawing  up  the  liquid  in  the  burette  a 
second  test  piece  may  be  thrown  into  the  bottle.  This  may  be 
continued  so  long  as  the  bottle  A  can  hold  new  test  pieces;  then 
the  apparatus  is  emptied. 

In  this  manner  the  pore  space  of  a  piece  of  clay  is  obtained 
expressed  in  per  cent  and  referred  to  the  exterior  volume  with- 
out making  a  determination  of  the  specific  gravity  of  the  clay 
necessary ;  this  representation  is  decidedly  more  instructive  than 
that  of  referring  the  pore  space  to  the  volume  of  the  water 
absorbed,  and  expressing  it  in  terms  of  the  weight  of  clay,  which 
has  been  practiced  in  the  work  of  Dr.  Aron,  Olschewsky  and 
myself.  If  F  stands  for  the  exterior  volume  of  the  piece  of  clay 
to  be  examined  for  porosity,  g  the  weight  of  the  petroleum  ab- 
sorbed, and  s  for  the  specific  gravity  of  the  petroleum,  then  the 
porosity  expressed  in  per  cent  of  volume  is 
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The  determination  of  porosity  in  this  manner  contains  at 
the  same  time  the  elements  for  determining  the  specific  gravity 
of  the  clay.  If  (7  is  the  ahsolute  weight  of  the  clay  test  piece 
before  saturation  with  water  or  petroleum,  then  the  specific 
gravity  is  calculated  by 


■    VilK 


The  clay  test  pieces  made  in  this  manner  by  different 
methods  of  molding  show  the  following  porosities  in  percentage 
by  volume  of  the  test  pieces  used.  The  different  mixtures  men- 
tioned in  the  table  were  kneaded  in  the  soft  condition,  dried,  and 
^ain  powdered. 


Method  of  Buldlnf. 

1 

1 
1 

It 

.iMSi^ 

li 

it 

iiii 

li! 

iii 

- 

" 

n 

■* 

•* 

« 

Molded  soft  - 

27.2 

a,V<) 

26.2 

21.8 

i<>.4 

•7-9 

Molded  soft  and  re-pressed  when 

214 

a.V7 

24-4 

21.4 

l8.2 

i6.,i 

Pressed  perfectly  dry 

.v.l 

24-9 

iH-A 

a.l.a 

a.l-i 

22.6 

Pressed  damp,  full  pressure 

iq.O 

As  before,  half  pressure 

20.2 

From  this  it  is  seen  that  the  view  that  much  denser  bodies 
are  produced  by  pressing  perfectly  dry  clay  in  a  hydraulic  press 
than  is  possible  by  other  methods  of  molding  is  by  no  means 
true.  In  the  examples  at  hand  the  clay  bodies  pressed  from 
dust-dry  clay  on  the  hydraulic  press,  with  a  single  exception 
(No.  3)  in  which  the  differences  are  by  no  means  large,  are  much 
more  porous  than  those  molded  in  the  wet  condition.  On  the 
other  hand,  the  use  of  moist  clay  on  being  molded  by  hydraulic 
pressure,  gives  rise  to  a  considerable  increase  in  the  density  of 
the  mass.     But  the  practical  usa  of  a  clay  so  slightly  moist  that 
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it  has  no  real  plastic  property,  and  hence  but  a  minimum  drying 
shrinkage,  is  opposed  by  the  fact  that  clay  bodies  with  a  certain 
small  content  of  moisture  can  be  converted  to  a  fine  powder  only 
with  difficulty,  while  with  a  perfectly  dry  clay  this  is  accom- 
plished more  easily. 

The  increase  in  density  which  is  caused  by  repressing  in 
the  leather-hard  condition,  is  rather  small  compared  with  the 
wet  molded  clay,  as  is  to  be  expected  for  theoretical  reasons. 
The  action  of  re-pressing  consists  essentially  in  producing  or  re- 
producing exact  shapes  with  a  clay  containing  only  so  much 
moisture  that  there  is  no  further  appreciable  decrease  in  vol- 
ume by  drying  and  in  removing  air  spaces  caused  by  enclosed 
air  bubbles,  which  in  the  wet  molding  are  removed  from  the 
clay  only  with  difficulty. 

The  behavior  of  the  same  pieces  on  burning  is  hardly  less 
interesting  than  the  efiEect  of  molding  upon  the  porosity  of  a  raw 
clay. 

Of  each  of  the  clay  mixtures  given  in  the  above  table,  a  por- 
tion of  a  dry-pressed  tile  made  from  them  was  placed  upon  a 
fire-clay  slab,  and  six  of  these  slabs,  each  canying  a  series,  were 
distributed  in  the  biscuit  burn  of  a  gas  kiln  in  one  and  the  same 
pile  of  saggars  so  that  each  was  subjected  to  a  different  tempera- 
ture. For  this  purpose  a  series  of  tests  was  set  directly  beneath 
the  arch,  another  on  the  kiln  floor,  and  the  others  were  distributed 
in  vertical  intervals  of  about  30  cm.  The  temperature  which  ex- 
isted beneath  the  arch  of  the  kiln  (down  draft)  was  that  of  be- 
ginning bright  white  heat,  at  the  kiln  floor  something  above  the 
melting-point  of  silver.  Assuming  that  these  temperatures  are 
approximately  from  1250®  to  1000°,  and  the  heat  is  supposed  to 
decrease  uniformly  from  the  top  to  bottom  within  these  limits, 
there  would  correspond  to  every  series  of  tests  an  increase  of 
temperature,  from  the  bottom  to  the  top,  of  50°.  In  reality  these 
temperature  differences,  however,  were  somewhat  less  since  the 
difference  between  top  and  bottom  has  been  estimated  somewhat 
too  high.  The  porosities,  which  are  shown  by  the  trials  after 
burning,  are  given  in  the  following  table  : 
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Wmpcntare 


ParaaHy  la  perccat  by  *olan 


ktHSTday 


if 


11  [i?l  Is 


bonUDgof  t 


B.  1050" 

C  1 100" 

Z>.  1150' 

E.  1200" 

/•.  1250° 


39.9  36.3 


melt, 
melt. 


melt, 
melt. 


35.5  39.3  Soft  to  medi- 

nm  faam 

6BiiniednaTd 

I  Vdlow-gieen 

clinker 

Edges  roun- 


ded 


4  ImeltlmeltLeltlsi.aUelted  to  a 


On  comparing  the  figures  of  this  table  with  those  of  the 
preceding  one,  it  will  be  seen  that  all  the  tests  which  contained 
as  a  constituent  the  calcareous  clay  from  He^ennuehle,  show  a 
large  increase  in  porosity  at  the  lowest  temperature  used.  This 
can  be  explained  by  the  loss  of  the  chemically-combined  water 
and  the  carbon  dioxide.  In  the  ferruginous  clay  (2)  such  an  in- 
crease in  porosity  without  doubt  has  also  taken  place  at  a  lower 
temperature,  but  this  has  already  been  more  than  balanced  by 
incipient  vitrification.  But  what  is  the  most  striking  fact  in  this 
table,  is  the  different  behavior  in  the  stages  of  increasing  density. 
In  the  calcareous  material  (i)  the  density  increases  very  rapidly 
within  a  temperature  interval  of  50°.  The  manner  of  molding 
as  well  as  the  presence  of  admixtures,  which  shrink  less  or  not 
at  all,  may  retard  the  rapid  shrinking  somewhat  but  at  any  rate 
this  retardation  does  not  equal  that  which  takes  place  in  a 
material,  free  from  lime,  and  which  extends  over  several  hundred 
degrees. 

The  caose  of  the  rapid  shrinking  of  the  calcareous  clays  is 
to  be  sought  in  the  fact  that  the  lime  contained  in  it  becomes 
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chemically  active  only  at  a  higher  temperature ;  but  then  it  exerts 
its  fluxing  action  very  rapidly,  while  in  a  clay  free  from  lime 
such  an  energetic  action  cannot  take  place.  The  same  phe- 
nomenoUi  however,  appears  also  in  other  bodies.  An  experienced 
porcelain  manufacturer,  having  had  occasion  to  work  several 
porcelain  bodies  together  at  the  same  time,  has  informed 
me  from  his  practice  that  when  porcelain  contains  marble 
as  a  flux  the  increase  in  density  commences  at  a  higher  tem- 
perature than  in  the  case  of  a  large  addition  of  feldspar,  but 
nevertheless  the  pores  are  closed  completely,  and  transpar- 
ency is  attained  at  a  lower  temperature  with  the  first  than  with 
the  second.  This  behavior  is  worthy  of  notice  for  many 
branches  of  the  clay  industry  in  which  it  is  desired  to  produce 
very  dense  and  hence  always  strongly  shrinking  products  in 
regular  shapes,  for  it  is  evident  that  aside  from  the  absolute 
magnitude  of  shrinkage,  the  rate  at  which  it  takes  place  must 
also  be  of  extraordinary  influence  upon  the  retention  of  a  reg- 
ular shape. 

In  what  inner  connection  the  density  of  clay  stands  to  the 
chemical  composition  and  inner  structure,  has  so  far  not  been 
determined,  at  least  not  for  more  impure  and  coarser  materials, 
since  the  conditions  are  extremely  complicated  owing  to  the 
varying  constituents  which  cannot  be  separated  and  examined 
in  regard  to  porosity.  In  order  to  obtain  some  clearness  in  this 
direction  it  seems  advisable  to  start  with  pure  and  well-defined 
bodies,  and  to  discuss,  with  the  help  of  these,  the  questions : 
First,  what  effect  has  the  proportion  of  clay  substance  to  the 
non-plastic  constituents?  and  second,  what  influence  does  the 
varying  constitution  of  the  clay  substance  exert  upon  the  den- 
sity ?  In  order  to  come  nearer  to  the  solution  of  these  questions, 
two  series  of  bodies  were  prepared  whose  corresponding  mem- 
bers possess  the  same  chemical  composition,  but  in  which  in  the 
one  case  the  cementing  clay  substance  was  a  pure,  but  ^'  short '' 
kaolin,  and  in  the  second,  a  very  plastic  clay. 

The  composition  of  these  series  was  as  follows : 
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Per  cent 

I 

s 

3 

4 

S 

6 

7 

8 

Clay   substance    (Al.O,,  aSiO,  + 

2H.O) 
Feldspar  (K.O.  Al.O,.  6SiOJ  - 
Qnartz  (SiO.)     - 

25 
20 

55 

30 

20 

50 

35 
20 

45 

40 
20 
40 

45 
20 

35 

50 
20 

30 

55 
20 

25 

60 
20 
20 

In  the  series  designated  by  A  the  clay  substance  was  intro- 
duced by  kaolin  from  Pilsen,  and  for  the  series  B  by  the  plastic 
clay  from  Bbemhahn,  near  Coblenz.  The  composition  of  these 
clays  was  as  follows : 


Clay  snbstance  - 
Feldspar 
Quartz    - 


Kaotia  f  raoi  PUacii 
Per  cent 


94.89 
2.21 
2.90 


B,  CUiy  from  BberataAlm 
Per  cent 


7523 


24.77 


Prom  these  figures  the  quantities  of  clay  (or  kaolin),  feld- 
spar, and  quartz,  required  for  the  desired  composition,  were  ob- 
tained by  calculation. 

Feldspar  and  quartz  were  ground  into  an  impalpable  powder, 
in  the  condition  in  which  they  are  used  for  the  making  of  bodies 
and  glazes  in  the  manufacture  of  porcelain. 

The  two  series,  though  possessing  the  same  chemical  com- 
position in  their  corresponding  members,  differ  widely  in  physi- 
cal properties,  corresponding  to  the  different  properties  of  the 
clay  substances  used. 

The  bodies  of  series  A  are  "short,"  even  in  the  members 
highest  in  clay  substance,  and  dry  to  a  friable,  strongly  chalking 
mass.  The  bodies  of  the  series  B  are  still  very  plastic,  and  dry 
to  a  hard  mass,  which  chalks  but  little  even  in  the  members 
containing  the  greatest  amount  of  non-plastic  matter.  Those 
highest  in  clay,  on  scraping  with  the  finger-nail,  show  a  smooth, 
polished  surface,  while  even  those  highest  in  clay  of  series  A 
remain  dull  and  chalky. 

The  briquettes  made  from  the  16  body  mixtures  of  the  series 
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A  and  B  were  examined  for  porosity  in  the  manner  described 
above  and  were : 

1.  Dried  in  the  green  condition  at  120^. 

2.  Burned  to  the  melting-point  of  silver,  960°. 

3.  Burned  to  banning  white  heat,  i2oo°-i300°. 

4.  Burned  in  the  porcelain  glost-bum,  at  the  melting-point 
of  wrought  iron,  about  1500®. 

The  burning  was  done  with  the  same  briquettes  in  turn, 
always  two  at  a  time,  all  the  test-pieces  being  burned  in  the  same 
saggar. 

The  test-pieces  were  molded  wet  in  a  bronze  mold  and  then 
re-pressed  in  the  leather-hard  condition  till  the  edges  were  all 
sharp. 

The  results  of  the  porosity  determinations,  together  with  the 
respective  shrinkage  measurements,  are  collected  in  the  follow- 
ing tables : 

A.    Ci^Y  Substance  DERnmD  prom  the  Pilsen  Kaolin 


z 

2 

3 

4 

5 

6 

7 

8 

Porosity,  raw     - 

33.6 

36.0 

36.0 

37.6 

37-8 

38.2 

38.6 

38.8 

Porosity  at  960® 

33.8 

36.2 

36.2 

37.7 

37.4 

38.2 

38.5 

39.0 

Porosity  at  1300** 

I.O 

1.8 

1.9 

2.6 

1.7 

1.7 

1.5 

2.6 

Porosity  at  1500**    - 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Linear  shrinkage  950^ 

0.0 

0.0 

0.2 

1.5 

0.7 

0.9 

1.3 

1.7 

Linear  shrinkage  950°- 

1200** 

10.7 

11.7 

11.7 

II. 7 

11.5 

II. 6 

11.3 

II. 2 

Shrinkage,  1300*^-1 600® 

-2.3 

—1.2 

—1.3 

—1.0 

-0.9 

—0.2 

0.2 

0.3 

Total  shrinkage 

8.4 

10.5 

10.4 

10.7 

10.6 

11.4 

11.5 

II.5 

B.    Clav  Substance  Dkrivkd  prom  thb  Ebbrnhahn  Clay 


I 

3 

3 

4 

5 

6 

7 

8 

Porosity  raw 

26.6 

26.9 

27.4 

28.3 

28.2 

28.3 

29.7 

29.8 

Porosity  at  960** 

28.2 

27.2 

27.6 

28.1 

26.2 

25.9 

26.2 

25.1 

Porosity  at  i20o**-i3oo® 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Shrinkage  at  950®    - 

0.2 

0.6 

0.5 

1.2 

1.7 

1.9 

2.3 

2.6 

Shrinkage,  1200**- 1300** 

7.7 

7.4 

7.7 

7.1 

6.8 

6.4 

6.1 

6.0 

Total  shrinkage 

7.9 

8.0 

8.2 

8.3 

8.5 

8.3 

8.4 

8.6 

In  the  porcelain  glost-fire  all  the  trials  were  bloated. 
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If  the  results  of  the  first  horizontal  columns  are  compared 
with  each  other,  a  definite  r^;ularity  will  be  observed,  inasmuch 
as  the  density  increases  in  the  unbumed  bodies  with  an  increas- 
ing content  of  non-plastic  materials,  though  this  is  shown  only 
by  slight  differences. 

In  the  second  horizontal  column  the  porosity  in  the  bodies 
containing  kaolin  has  remained  unchanged,  notwithstanding  the 
loss  of  chemically-combined  water,  while  in  the  bodies  contain* 
ing  plastic  clay  a  slight  increase  in  density,  but  distinctly 
noticeable,  appears  especially  in  the  briquettes  containing  less 
of  the  non-plastic  materials. 

This  is  a  striking  fact,  inasmuch  as  the  kaolin  used,  as  well  as 
the  plastic  clay,  belongs  to  the  refractory  materials  since  the  feld- 
spar, the  most  easily  fusible  of  their  constituents,  does  not  show 
the  slightest  indication  of  softening,  at  the  low  temperature  to 
which  the  tests  of  this  column  were  exposed  (the  melting-point  of 
silver).  Hence,  at  this  temperature,  an  increase  in  density  must 
have  taken  place,  which  in  the  trials  A  is  equal  to  the  loss  in 
volume  brought  about  by  the  expulsion  of  the  chemically-com- 
bined water,  and  in  the  trials  B  even  exceeds  this  somewhat 
This  increase  in  density  is  also  shown  by  the  slight,  but  definitely 
determined,  linear  shrinkage  of  the  briquettes.  This  shrinkage 
is  the  greater,  the  higher  the  content  of  clay  substance  in  the 
clay,  and  hence  must  be  caused  by  this  constituent 

According  to  this  the  assumption  made  heretofore  by  a 
number  of  investigators,  especially  by  Olschewsky  and  also  by 
myself,  that  the  shrinkage  of  the  clay  is  due  to  an  incipient 
softening,  to  the  capillary  absorption  of  the  fused  constituents, 
is  not  tenable,  at  least  not  at  the  relatively  low  temperature  at 
which  clay  loses  its  chemical  water,  though  this  assumption  may 
apply  to  the  higher  temperatures  at  which  undoubtedly  a  partial 
fusion  takes  place.  This  first  shrinkage  may  find  an  analogy  in 
the  shrinkage  which  many  bodies  undergo  when  suffering  from 
chemical  decomposition,  leaving  behind  solid  and  infusible  con- 
stituents. Of  such  there  might  be  named  calcium  carbonate, 
magnesium  carbonate,  aluminum  hydroxide,  and  many  others, 
which,  on  losing  carbon  dioxide  and  water,  likewise  shrink  con- 
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siderably,  although  the  substances  left  behind  (lime,  magnesia, 
and  alumina)  are  considered  absolutely  infusible.  Thislncrease 
in  density  can  be  explained  only  by  a  movement  and  a  denser 
crowding  together  of  the  molecules  simultaneous  with  the  loss 
of  wate  and  carbon  dioxide  or  taking  place  later,  without,  how- 
ever, assuming  a  partial  liquefaction  in  the  ordinary  sense. 

It  seems  to  appear  from  the  figures  obtained,  that  the  con- 
traction of  the  clay  mass  so  caused,  takes  place  more  energetically 
or  at  a  lower  temperature  in  the  presence  of  a  clay  substance 
with  pronounced  plastic  properties  than  with  the  less  plastic 
clay  substance  of  kaolin.  At  the  temperature  of  melting 
silver,  the  mixtures  highest  in  clay  of  the  plastic  type  have 
already  become  the  denser  ones,  while  the  corresponding  mixtures 
with  kaolin  clay  substance,  like  in  the  raw  condition,  have  here 
also  remained  more  porous. 

As  the  temperature,  to  which  the  trials  of  the  third  hor- 
izontal column  were  exposed,  has  become  sufficiently  high  to 
soften  one  of  the  constituents  of  the  bodies  (the  feldspar),  a 
maximum  density,  or  nearly  a  maximum,  is  attained,  and  the 
shrinkage  thus  also  reaches  its  maximum.  At  a  still  higher 
temperature,  in  the  glost-burn  of  the  porcelain  kiln,  a  negative 
shrinkage  was  observed  in  the  briquettes  made  from  the  kaolin; 
that  is,  an  increase  in  volume,  which  becomes  especially  pro- 
nounced in  the  trial  pieces  high  in  quartz,  and  is  due  to  the 
known  property  of  the  quartz  to  increase  in  volume  when  chang- 
ing at  a  high  temperature  from  the  crystalline  to  the  amorphous 
condition.  This  also  coincides  with  the  investigations  of  H. 
Rose,  according  to  which  the  specific  gravity  of  the  porcelain 
decreases  with  an  increasing  temperature.  The  expansion 
measured  in  the  work  under  discussion  is  simply  another  ex- 
pression for  this  observation,  for  a  decrease  in  specific  gravity  can 
be  explained  only  by  an  increase  in  external  volume,  an 
increase  in  the  volume  of  the  pore  space  being  excluded  in  the 
case  of  transparent  porcelain.  And  we  are  dealing  here 
altogether  with  porcelain  compositions. 

In  the  trials  A^  whose  clay  substance  is  derived  from  the 
plastic  Bbemhahn  clay,  the  expansion  could  not  be  measured, 
since  it  was  bloated  and  deformed  in  places. 
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The  total  shrinkages  correspond  entirely  to  the  pore  space 
contained  originally  in  the  green  as  well  as  the  soft-burned  trials. 

The  differences  in  porosity,  due  to  the  different  physical 
constitution  of  the  hydrous  aluminum  silicate,  are  more  striking 
than  the  difference  in  porosity  caused  by  the  proportion  of  the 
clay  substance  to  the  fine  non-plastic  matter  not  containing  any 
water.  While  within  the  tables  A  and  B  the  fluctuations  in 
porosity  amount  only  to  a  few  per  cent  in  volume,  they  increase 
very  much  when  the  corresponding  bodies  of  the  two  columns 
are  compared  with  each  other.  With  the  same  composition  the 
trials  made  from  the  plastic  clay  substance  are  much  denser  in 
the  green  condition  than  those  produced  from  the  kaolin  clay 
substance,  and  the  total  shrinkages  are  hence  much  greater  in 
the  plastic  clay  briquettes  with  a  correspondingly  greater  ten- 
dency to  deformation. 

As  far  as  conclusions  can  be  drawn  from  this  investigation, 
they  may  perhapsbe  formulated  as  follows  : 

1.  The  shrinkage  of  clay  bodies  of  a  given  composition  in 
burning  is  dependent  upon  the  ratio  of  the  pore  space  existing 
after  drying  or  produced  at  a  low  temperature,  owing  to  vola- 
tilization, to  the  external  volume. 

2.  The  greater  the  shrinkage  (i.  e.y  the  pore  space),  the 
greater  the  danger  of  deformation. 

3.  With  equal  pore  space  and  equal  shrinkage  the  tendency 
to  deformation  is  the  greater  the  more  rapidly,  or  within  the 
smaller  a  temperature  interval,  the  pores  are  closed. 

4.  The  density  of  raw  clay  bodies  is  determined  by  the  kind 
and  manner  of  molding.  The  greatest  density  is  attainable  by 
subjecting  damp  day  to  a  great  pressure ;  next  to  this  comes  the 
re-pressing  of  molded  pieces  in  the  leather-hard  condition,  fol- 
lowed by  wet  molded  briquettes.  The  most  porous  structure 
is  obtained  by  pressing,  mechanically,  entirely  dry  powdered  clay, 
even  under  the  greatest  practical  hydraulic  pressure. 

5.  The  porosity,  and  hence  the  shrinkage  of  clay  bodies  in 
fire,  becomes  the  smaller  the  greater  the  amount  of  non-plastic 
constituents  is  as  compared  with  the  amount  of  fine  particles  of 
clay  substance  not  removable  by  washing. 
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6.  Under  otherwise  equal  conditions  the  porosity,  and  hence 
the  shrinkage  on  burning,  is  the  smaller  the  more  the  binding 
clay  substance  approaches  in  its  properties  the  plastic,  soapy 
clays,  and  it  will  be  the  greater  the  more  it  possesses  the 
''  shortness  "  of  the  kaolin  clay  substance. 

7.  Shrinkage  begins  at  a  lower  temperature  for  those 
bodies  whose  clay  substance  possesses  distinctly  plastic  properties 
than  for  those  which  contain  a  kaolin-like  clay  substance. 

8.  The  fusibility  is  not  the  only  factor  governing  the  tem- 
perature at  which  the  shrinkage  of  the  clay  begins. 


What  Properties  Must  a  Clay  Possess  in  Order  to  be  Especially 
Suited  for  the  IVlanufacture  of  Clinkers'  and  Paving  Brick? 


Albert  BLBimifOZR,  B.Sc.,  Tkahslator 

The  question  referring  to  the  best  materials  and  the  best 
method  of  manufacture  of  clinkers  and  thoroughly  vitrified  bricks, 
which  are  to  be  used  for  the  paving  of  floors  and  streets,  has 
been  brought  up  very  often,  and  different  views  have  been  ex- 
pressed as  to  the  suitability  of  the  one  or  the  other  material. 
Owing  to  the  lack  of  sufficient  scientific  investigations  touching 
upon  this  subject,  it  must  first  be  remarked  that  the  clay  must 
soften  gradually  in  the  fire,  must  not  lose  its  shape,  and  must 
change  its  volume  during  the  drying  and  burning  within  as 
narrow  limits  as  possible.  But  to  satisfy  these  requirements  a 
number  of  different  conditions  are  necessary  in  regard  to  the 
composition  of  the  material  from  the  chemical,  physical,  and 
molecular  aspect. 

It  has  been  said,  based  on  the  experience  of  practice,  that 
the  red  clays  are  best  suited  for  clinkers,  and  others  claim  that 
the  yellow  burning    calcareous  ones  are  best,   because  they 


'  ClinketB  is  the  name  by  which  the  dark-colored  usually  bluish  black  pavins^ 
bricks  are  designated  both  in  Germany  and  Bngland. 
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contain  the  largest  amount  of  flux  and  vitrify  easily  at  a  low 
temperature. 

It  is  known  that  there  are  quite  a  number  of  materials 
which  possess  widely  different  properties  and  which  may  be  used 
for  clinkers.  Choosing  the  specially  characteristic  properties 
there  are  two  which  require  our  special  attention.  The  con- 
stituents of  the  clay  must  be  so  put  together  that  the  one  part 
fluxes  at  as  low  a  temperature  as  possible,  forming,  so  to  speak, 
the  igneous  cementing  materials  for  the  other,  non-fusing  parts ; 
on  the  other  hand  there  must  be  present  a  portion  whidi  must 
be  as  refractory  as  possible  and  attacked  as  little  as  possible, 
chemically,  by  the  easily  fusing  portion,  and  which  must  be 
present  in  sufficient  quantity  to  form  a  skeleton,  which  holds 
together  the  softening  mass  and  prevents  the  complete  change  to 
a  viscous  mass.  The  residues  of  feldspar  and  augite,  which  are 
often  found  in  a  clay,  are  as  a  rule  the  most  fusible  constitu- 
ents ;  then  comes  the  clay  proper,  which  sometimes  is  so  fusible 
that  it  may  serve  as  a  flux,  and  again  often  very  refractory, 
when  it  helps  to  retain  the  shape.  Finally  we  have  as  a  con. 
stituent  of  clay,  the  quartz  which  assists  in  maintaining  the 
skeleton.  All  data  are  lacking  in  regard  to  the  propor- 
tion in  which  the  fusible  and  the  more  refractory  constituents 
of  the  clay  must  stand  to  each  other  for  best  results;  very  likely, 
however,  this  ratio  must  be  similar  to  that  of  porcelain,  where 
the  fusible  constituents  as  a  rule  amount  to  from  one-fourth 
to  one-third  of  the  whole. 

Another  important  point  is  that  a  brick  must  show  as  small 
a  shrinkage  as  possible,  and  in  this  respect  we  must  examine 
the  factors  of  this  shrinkage.  Two  kinds  of  shrinkage  are  to  be 
distinguished,  the  one  which  takes  place  in  drying,  the  other  in 
burning.  The  difficulties  which  are  produced  by  the  shrinkage 
in  drying  may  be  overcome  with  comparatively  little  trouble. 
We  may  reduce  shrinkage  to  a  minimum  by  working  the  clay 
as  stiff  as  possible ;  we  may  straighten  crooked  brick  by  re-press- 
ing; or  if  we  disregard  the  plasticity  of  the  clay,  we  may  mold 
it  to  the  desired  shape  in  the  dry  condition  by  hydraulic  pres- 
sure.    It  is  much  more  difficult  to  control  the  shrinkage  of 
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burning.  The  shrinkage  in  burning  is  the  greater  the  larger 
the  pore  space  is  in  the  clays  after  drying,  for  vitrification  is 
nothing  else  than  the  complete  closing  of  the  pores  which  are 
produced  in  drying,  as  well  as  in  burning,  by  the  volatilization  of 
several  constituents.  The  diflBculties  of  retaining  the  exact 
shape  of  the  ware  are  the  less,  the  fewer  pores  the  clay  contains 
after  drying;  that  is,  the  denser  it  has  become  in  molding.  The 
volume  of  these  pores  depends  essentially  upon  the  physical  con- 
dition of  the  separate  constituents  of  the  clay.  From  earlier  in- 
vestigations, which  were  published  in  the  Noiizblait  and  other 
technical  journals,  the  efiFects  of  finer  or  coarser  sand,  fine  or 
coarse  grains  of  grog  upon  the  density  of  the  clay,  are  known. 

Another  factor  which  so  far  has  not  been  considered,  is  the 
character  of  the  real  clay  substance  acting  as  the  cement  which 
perhaps  has  a  still  greater  influence  upon  the  density  of  the  clay 
than  the  non-plastic  substances  which  are  mixed  with  the  clay 
by  nature,  or  artificially.  We  may  distinguish  two  different 
modific^ions  of  clay-cementing  material  whose  physical  proper- 
ties differ  from  each  other,  namely,  the  clay  substance  of  the 
kaolin  and  the  clay  substance  of  the  fat,  heavy,  plastic  clay. 
Both  cementing  materials  are  chemically  identical ;  the  differ- 
ences between  them  are  not  any  greater  than  between  the  sepa- 
rate members  of  the  same  class ;  in  their  physical  properties, 
however,  they  are  very  different  The  clay  substance  contained 
in  the  kaolin  dries  to  a  soft  powder-like  mass,  while  the  clay 
substance  of  the  same  chemical  composition,  which  is  contained 
in  the  plastic  clay  proper,  dries  to  a  horn-like  mass.  The  pore 
spaces  which  remain  on  drying  of  the  clay  correspond  to  this 
different  behavior.  The  clays  which  contain  kaolin  clay  sub- 
stance as  a  binding  material,  or  a  clay  substance  which  approaches 
in  its  properties  those  of  the  kaolin,  are  much  looser  in  the 
presence  of  the  same  amount  and  character  of  non-plastic  matter 
than  such  which  contain  the  horn-like  variety  of  clay  substance. 
The  linear  shrinkage  may  vary  very  much  with  otherwise  the 
same  chemical  composition  accordingly  as  the  cementing  sub. 
stance  is  derived  from  a  plastic  day  or  a  kaolin.  I  had  an  op- 
portunity to  observe  this  with  bodies  which  contained  equal 
27 
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amounts  of  quartz*powder  and  feldspar ;  the  porosity  in  the  air- 
dried  condition  varied  from  26  to  39  per  cent  by  volume,  accord- 
ing as  the  binding  clay  substance  was  derived  from  a  plastic  or 
a  kaolin  clay.  Prom  this  it  is  seen  that  for  the  manufacture  of 
clinkers  one  should  look  as  much  as  possible  for  such  clay  sub- 
stances which  dry  to  a  hard  mass ;  one  must  avoid  the  kaolin- 
like bodies,  and  use  as  much  as  possible  the  horn-like  variation. 
In  using  a  very  plastic  clay  substance,  one  is  also  enabled  to  in- 
crease the  amount  of  non-plastic  matter  to  a  very  high  percent- 
age without  reducing  the  working  quality  of  the  body.  A  very 
high  content  of  non-plastic  matter,  however,  increases  the  den- 
sity essentially. 

But  where  can  the  manufacturer  obtain  the  most  suitable 
materials  for  the  manufacture  of  clinkers  when  he  is  restricted 
to  a  certain  clay  bed  ?  Not  every  one  will  be  in  position  to 
obtain  such  a  material  and  to  manufacture  clinkers.  But  if  one 
has  in  his  clay  bank,  layers  of  different  appearance  and  of  differ- 
ent properties,  he  may  determine  by  suitable  tests  which  mate- 
rials are  relatively  the  best  for  the  manufacture  of  clinkers;  and 
he  will  find  that  those  are  the  most  suitable  which  contain  the 
most  clay  binding  material  but  at  the  same  time  remain  work- 
able and  contain  the  non-plastic  matter  mixed  with  it  in  a  state 
of  as  fine  a  division  as  possible  so  that  it  cannot  be  distinguished 
by  the  eye  from  the  clay  itself.  In  other  cases  it  will  be  possible  to 
make  use  of  other  materials.  It  must  always  be  the  main  con- 
sideration to  take  clays  which  do  not  contain  kaolin-like  clay 
substance,  but  clay  as  plastic  as  possible.  I  want  to  return  to 
this  point  at  this  opportunity  since  at  the  last  convention  of  the 
Society  for  the  Manufacture  of  Brick,  Clay  Wares,  etc.,  much  was 
said  in  regard  to  the  suitability  of  calcareous  materials  for  the 
manufacture  of  clinkers  and  because  we  possess  a  few  materials 
quite  suitable  for  the  purpose. 

In  the  calcareous  clay  used  for  the  manufacture  of  clinkers, 
though  the  brick  may  be  very  dense  after  drying,  a  loosening  of 
the  structure  is  brought  about  by  the  expulsion  of  the  carbon 
dioxide.  The  use  of  calcareous  material  will,  however,  not  be 
excluded  when  the  non-plastic  matter  contained   in  it  is  ex- 
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tremely  fine  in  character  and  the  clay  substance  is  so  plastic 
that  its  quantity  may  be  reduced  to  the  smallest  possible 
amount.  For  this  reason  I  believe  that  in  many  places  of 
northern  Germany  the  very  fine  silt-like  brick  clays  may  be 
made  into  a  good  clinker  material  by  the  addition  of  very  plastic 
clays  from  the  Lausitz.  It  will  perhaps  be  possible  in  many 
places  to  obtain  lignite  clays  which  are  foand  in  the  Lausitz  and 
in  the  province  of  Saxony,  at  prices  which  would  permit  of  a 
mixing  of  the  limy  clay.  A  second  source,  as  far  as  northern 
Germany  is  concerned,  would  be  the  North.  In  Sweden,  as  well 
as  upon  the  Island  of  Bomholm,  we  find  beautiful  deposits  of 
plastic  clays.  These  deposits  may  perhaps  become  important 
for  brick  plants  which,  owing  to  their  location  on  the  Baltic  Sea, 
may  obtain  transportation  from  those  places. 


Note  on  Glazed  Building  Brick 


Pkofbssor  Edward  Or  ton,  Jr.,  Translator 

The  question  of  the  resistance  which  glazed  building  brick 
offer  to  the  weather,  has  been  already  touched  in  a  previous  chap- 
ter, "On  the  Influence  of  Sulphurous  Coal  on  Clay  Ware."  In  the 
'  case  at  hand  (which  suggested  this  discussion  of  the  subject)  we 
have  to  deal  with  a  soft-burned  red  brick,  having  a  fine  struc- 
ture, and  apparently  having  been  burned  from  a  smooth  or  "fat" 
clay.  The  cuprous  lead  glaze  which  it  carried  was  not  inti- 
mately combined  with  the  brick,  and  could  be  easily  detached 
by  means  of  a  knife.  The  uppermost  layer  of  the  brick,  how- 
ever, generally  remained  attached  to  the  glaze.  The  layer  of 
the  body  directly  under  the  glaze  seems  to  have  been  loosened 
by  the  action  of  the  weather,  and  the  question  arises,  how  is  it 
possible  for  this  loosening  to  occur,  and  also,  by  what  means 
can  it  be  averted  ? 

First,  it  must  be  stated,  that  all  stone  materials  in  this  cli- 
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mate  are  exposed  more  or  less  to  destruction  through  frost  This 
is  due  to  the  fact  that  water  has  the  power  of  expanding  consid- 
erably at  the  moment  of  freezing,  and  this  increase  of  volume 
amounts  to  about  one-ninth  of  the  volume  of  the  water  present 

If,  now,  the  water  in  the  brick  freezes,  a  considerable  pres- 
sure is  exerted  on  the  walls  of  the  pores,  and  if  they  of  them- 
selves can  sufficiently  withstand  this  pressure,  the  ice  formed 
must  be  forced  out  of  the  pores  as  little  rods  of  ice.  These  are 
the  smaller  in  diameter,  according  as  the  brick  is  closer  in 
grain ;  in  coarse  sandy  clays,  they  are  thicker,  corresponding 
to  the  width  of  the  pore  openings,  and  often  extend  up  as  much 
as  I  cm.  from  the  surface  of  the  brick. 

Ice  expands  on  freeing,  and  when  under  a  strong  pressure  is 
forced  through  a  fine  opening,  like  a  rod.  This  can  also  be  as- 
serted of  many  metals,  epecially  lead.  If  it  did  not  possess  this 
property,  every  brick,  even  the  most  solid,  would  be  demolished 
without  fail,  by  the  freezing  of  the  water  in  its  pores. 

If  now,  taking  advantage  of  this  porosity  of  bricks,  we  allow 
them  to  become  saturated  with  water,  which  is  desirable  in 
building,  we  must  also  be  sure  that  ice  can  escape  from 
them.  Bricks,  in  which  coarse  sharp  sand  has  been  used 
to  reduce  the  plasticity  of  the  natural  clay,  allow  this  ice  to 
escape  easier  than  bricks  made  from  an  even,  fine-grained  ma- 
terial, simply  because,  in  the  first  case,  the  pores  are  of  a  greater 
diameter. 

With  equal  hardness  of  bum,  or  rather,  with  equal  resistance 
of  the  pore  walls,  the  demolition  of  the  structure  will  increase 
in  direct  proportion  as  the  diameter  of  the  rods  of  ice  which 
have  to  be  expelled  from  them  decreases,  which  is  the  same  as 
saying,  in  proportion  as  the  pressure  on  the  pore  walls  increases. 

For  this  reason,  we  see  in  medieval  buildings,  in  northern 
Germany,  which  are  often  decorated  with  glazed  bricks,  that 
precisely  those  bricks  have  endured  best  the  waste  of  centuries, 
whose  clay  substance  has  been  reduced  in  plasticity  by  the 
coarsest,  sharpest  sand,  and  which  were  thus  able  to  permit  the 
expansion  of  the  ice  formed  in  freezing,  without  necessitating 
the  expulsion  of  the  same  from  the  mass  of  the  brick.     In  fact, 
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they  were  provided  with  such  a  large  amount  of  hollow  spaces, 
that  they  furnished  sufficient  room  for  this  expansion. 

We  also  observe  that  otherwise  good  building  brick,  which 
will  stand  the  action  of  frost  while  in  an  unglazed  condition,  will 
commence  to  succumb  to  its  action  after  a  few  years'  exposure, 
when  covered  with  a  glaze.  As  an  example  of  this,  I  would 
point  to  the  piers  of  the  Alsen  bridge  at  Berlin,  where  the 
glazed  portions  have  already  required  renovation,  while  the  un- 
glazed portions,  made  from  exactly  the  same  clay,  have  so  far 
withstood  the  action  of  the  weather.  In  this  case  the  material 
used  was  a  very  dense  fine-grained  one,  but  still  permitted 
absorption. 

Another  means  of  preserving  the  glaze  on  the  brick,  is  to 
bum  them  so  hard  that  they  do  not  absorb  any  water  at  all  into 
the  pores,  and  become  completely  vitrified  like  porcelain.  Any 
other  material,  in  which  the  ice  needles  are  forced  against  the 
layer  of  glaze,  and  in  which  there  is  no  internal  room  for  expan- 
sion, will  come  to  destruction  sooner  or  later. 

A  brick  which  does  not  of  itself  withstand  the  action  of 
frost,  will  in  no  way  be  protected  from  destruction  by  a  layer  of 
glaze  on  it,  but  it  will  be  rather  accelerated  in  this  process  of 
destruction,  for  the  ice  formed  in  freezing,  can  no  longer  escape 
freely  from  the  pores,  and  comes  against  an  impenetrable  layer, 
which  it  gradually  forces  off  together  with  adhering  portions  of 
the  substance  of  the  brick. 


Examination  of  a  Dull  Black  Roofing  Tile  Glaze 


Pkop.  Bdwakd  Oktom,  Jk.,  Translator 

The  glaze  under  examination,  which  was  used  to  color 
roofing  tiles  black,  was  distinguished  by  an  intensely  black-gray 
coloration,  resembling  graphite  or  roofing  slate,  but  with  only 
a  very  faint  metallic  gloss  or  luster.  Since  it  adhered,  com- 
pactly and  without  crazing,  to  a  calcareous  and  buff-burning 
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clay,  its  fusibility  must  be  low,  for  the  tile  remained  porous  in 
the  firing  which  it  received,  and  showed  on  its  surface  a  pale 
sulphur-yellow  coloration,  but  remained  flesh-colored  inside,  as 
is  characteristic  of  calcareous  clays. 

Under  the  microscope  the  glaze  appears  not  as  a  perfect 
smooth  glass,  but  as  an  uneven  layer,  which  is  formed  by  small 
crystalline  segregations ;  the  surface  appears  partly  lowered  and 
partly  raised,  by  wart-like  projections.  On  account  of  this 
structure,  the  property  of  refracting  light  or  shining  like  a 
mirror  is  absent,  and  there  remains  only  a  faint  metallic  gloss. 

An  analysis  of  the  glaze  shows  the  following  composition : 

Percent 

Silicic  acid  -  -  -  -  26.33 

Alumina        -----       5.43 

Iron  oxide           -           -           -           -  11.98 

Manganese  oxide      -            -            -            -  5*45 

Lime        -----  7.94 

Magnesia      -----  0.91 

I^ad  oxide          -            -            -            -  39.78 

Alkalies  (by  difference)        -            -            -  2.18 

100.00 

A  clean  separation  of  the  glaze  from  the  body  could  not  be 
accomplished  by  mechanical  means,  because  the  combination 
was  such  a  close  one  that  on  chipping  off  a  part  of  the  glaze,  a 
portion  of  the  body  always  adhered  with  it  However,  the  glaze 
was  soluble  in  cold  dilute  hydrochloric  acid,  and  the  body  was 
only  slightly  attacked,  so  that  a  chemical  separation  was  possible. 

Splinters  of  the  glaze,  cracked  off  from  the  tiles  which  were 
sent  for  examination,  were  treated  with  dilute  hydrochloric  acid 
till  the  black  shell  was  destroyed,  and  only  a  white  skeleton  of 
silica  and  lead  chloride  was  left  The  latter  substances  were 
dissolved  out  by  treating  the  splinters  with  boiling  sodium  car- 
bonate, and  finally  with  dilute  nitric  acid. 

As  will  be  noted  from  the  analysis,  the  glaze  is  extraordi- 
narily rich  in  fluxes,  and  correspondingly  poor  in  silicic  acid.  If 
the  proportion  of  silicic  acid  to  the  sesquioxide  bases  be  calcu- 
lated, and  also  to  that  of  the  monoxides  (RO — lime,  magnesia, 
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alkalies,  lead,  and  manganese),  the  following  proportion  will  be 
obtained : 

iRO  :  0.29  R,03  :  iSiO,, 
I      :  0.29  :       I 

while  according  to  the  researches  of  Benrath,  the  proportions  in 
ordinary  glasses  amount  to 

iRO  :  O  :  2.5  to  3.0  SiO,, 

and  the  proportions  in  the  glazes  in  white  ware  and  faience 
glazes  according  to  analyses  and  published  accounts  in  technical 
works  and  receipts,  is  calculated  to  be 

iRO  :  o  to  0.4  R  O    :  1.6  to  4.0  SiO . 

The  important  quantities  of  the  fluxes  or  basic  elements, 
which  occur  in  this  case,  appear  to  be  the  reason  why  this  glaze 
lost,  by  crystalline  s^^egations  during  cooling,  its  glossy 
luster,  which,  as  has  been  proved  by  actual  experiment,  is  just 
as  characteristic  of  it  when  in  the  fused  condition,  as  of  all  other 
glazes. 

According  to  the  researches  of  Ebell,  made  in  the  labora- 
tory of  the  Braunschweig  Polytechnic  School,  glasses  in  the 
fused  condition  are  able  to  absorb  a  large  quantity  of  metal- 
lic oxides  and  salts.  Among  the  experiments  which  were  made, 
iron  oxide,  manganese  oxide,  alumina,  tin  oxide,  chromium 
oxide,  and  calcium  oxide,  were  put  into  solution  in  glasses  of 
ordinary  crystal  glass  composition. 

The  results  showed  that  when  small  quantities  of  these  sub- 
stances were  dissolved,  and  the  glasses  were  quickly  cooled,  they 
remained  shining  and  clear,  but  that,  when  the  quantities  were 
increased  and  the  cooling  was  made  long-continued,  they  became 
completely  dulled,  and  partly  stone-like.  On  observing,  with  a 
low-power  microscope,  the  splinters  and  chips  which  had  been 
ground  thin,  it  could  be  seen  that  the  clear  mass  of  glass  was  in- 
terlaced with  fine  crystalline  needles,  and  could  in  most  cases  be 
proved  to  be  the  metallic  oxides  which  had  been  added  to  the 
glass,  and  which  had  segregated  out  of  them  on  slow  cooling. 

In  the  case  in  hand,  we  undoubtedly  have  to  deal  with  such 
a  glass,  oversaturated  with  basic  substances ;    this  is  proved  not 
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only  by  the  analysis,  where  the  bases  strongly  predominate  over 
the  acid  or  silica,  but  also  by  the  crystalline  character  of  the 
glaze  under  the  microscope,  and  even  with  the  naked  eye. 

The  production  of  dull  glazes  as  a  means  of  decorating  clay 
wares  for  architectural  purposes  (and  the  glazing  of  roofing  tiles 
has  to  be  regarded  as  a  decoration  rather  than  a  means  of  pro- 
tection) is  often  undertaken,  but  as  the  properties  of  glazes  have 
been  little  understood,  they  have  not  been  obtained  by  empiric 
processes  with  any  certainty ;  in  most  cases,  the  desired  effect 
has  been  attained  by  making  the  glaze  mixture  so  hard  to  fuse 
that  it  does  not  come  to  complete  fusion  during  the  firing. 

The  communication  of  this  analysis,  and  of  Ebell's  results 
should  be  to  many  who  desire  to  obtain  dull  glazes  which  shall 
be  completely  fused,  a  hint  as  to  how  to  proceed  to  reach  the 
desired  result. 

In  order  to  make  this  analysis,  which  has  been  communicated, 
of  practical  value  to  those  who  are  engaged  in  the  manufacture 
of  roofing  tiles,  the  method  of  calculating  a  glaze  composition 
from  it,  is  imparted  in  the  following  paragraphs. 

Every  manufacturer  will,  for  economic  reasons,  strive  to  use 
his  own  material  as  far  as  possible  for  his  glazes,  as  far  as  its  in- 
gredients permit  For  dark  glazes  one  will  as  a  rule  be  able  to 
use  impure  brick  clays,  and  it  will  be  generally  possible,  as  in  the 
case  before  us,  to  compute  the  composition  of  the  glaze  ingre- 
dients, without  slow  and  laborious  empirical  experiments,  directly 
from  the  ingredients  of  the  clay  as  known. 

The  brick  clay  serving  as  a  foundation  for  the  glaze  cor- 
responds in  its  extremes  to  the  diluvial  marl  clays,  which  are  so 
widely  distributed,  and  of  which  we  may  take  the  Velten  clay  as 
a  type.  If  this  clay  were  taken  as  the  basis  of  a  glaze,  the  fol- 
lowing calculation  would  be  made : 

Washed  Velten  clay  has  the  following  composition,  as  de- 
termined by  Dr.  Lindner  in  the  laboratory  of  the  Royal  Porcelain 
Works : 
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Per  cent 

Silicic  acid          -           -           -            -  43.65 

Alumina  .....  12.09 

Iron  oxide           -                        -           -  5.10 

Lime  .....  16.40 

Magnesia            -                        -            -  1.33 

Alkalies  ....           -  3.89 

Loss  on  ignition             ...  17.16 

If  the  alumina  content  is  to  be  taken  wholly  from  the  addition 
of  the  clay,  then  the  quantity  of  this  clay  necessary  to  be  taken 
is  obtained  fron  this  proportion : 

100  :  12.09  ::  X  :  5.43 
.'  .X  =  44.90. 

And,  44.90  parts  of  Velten  clay  contain,  as  fixed  ingredients : 

Per  cent 

Silica  .....  19.59 

Alnmina  .....  5.43 

Iron  oxide      .....  2.29 

Lime         ......  7.36 

Magnesia        .....  0.59 

Alkalies    -  -  -•  -  -  -  1.74 

Deducting  these  figures  from  the  figures  of  the  glaze  analysis, 
there  remain  the  following  substances  to  be  added  to  the  44.90 
parts  of  Velten  clay  in  order  to  obtain  a  compound  of  the  de- 
sired formula,  namely : 

Parts 

Silica             -           -           -           -           -  6.74 

Iron  oxide                                                -            -  9.69 

Lime  -...--  0.58 

Magnesia              .....  0.38 

Alkalies          .....  0.44 

Manganese  oxide             ....  5.4^ 

Lead  oxide                 -            -            -            -  39.78 

Silica  and  iron  oxide  can  easily  be  secured  as  quartz  sand  and  iron- 
red  from  the  trade,  and  also  lead  oxide  can  be  easily  obtained.  The 
addition  of  the  small  quantity  of  lime  lacking  is  made  by  the 
use  of  calcium  carbonate  (chalk  limestone).  If  one  introduces 
in  place  of  the  ingredients  which  are  regarded  as  unimportant 
(such  as  magnesia  and  the  alkalies,  but  which  are  less  easily  added), 
an  equivalent  quantity  of  lime,  a  further  addition  of  0.79  part  of 
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lime  will  be  required.  The  total  quantity  of  lime  amounting  to 
1.37  parts  will  be  equal  to  2.45  parts  of  calcium  carbonate.  The 
manganese  must  be  added  as  manganese  dioxide  or  braunite. 
5.45  parts  of  manganese  oxide  are  equal  to  6.69  parts  of  manga- 
nese dioxide,  or  7.43  parts  of  90  per  cent  braunite. 

The  composition  expressed  in  round  numbers  will  be  as 
follows : 

FaiU 

Velten  clay    -               -  -               -               45,0 

Quartz  sand  -         6.7 

Iron  oxide  9.7 

Calcium  carbonate  -         2.5 

Lithaige        .               -  -               -               40.0 

Braunite  (90  per  cent)  -         7-5 

from  which  one  could  expect  a  product  perfectly  equal  to  the 
original  glaze. 

A  glaze  compounded  from  the  above  formula,  and  burned 
at  the  temperature  used  in  burning  the  marl  clays  (which  is 
about  or  above  the  melting-point  of  silver),  on  a  body  of  Velten 
clay,  actually  resulted  in  a  glaze  which,  when  burnt  in  an  ex- 
clusively oxidizing  atmosphere,  was  of  a  dark  brown  color,  but 
on  burning  in  a  reducing  atmosphere,  gave  a  black-gray,  with  a 
metallic  appearance  entirely  equal  to  the  original  glaze. 

It  will  be  an  easy  matter  even  for  one  without  chemical 
knowledge  to  calculate  for  himself,  after  this  example,  ^the  cor- 
responding proportions  from  a  chemical  analysis  under  other 
conditions  than  those  considered  here,  that  is,  when  using  an- 
other clay  as  a  basis  for  the  glaze. 


Note  on  Roofing  Tile  Glazes 


Prop.  Kdward  Orton,  Jr.,  Translator 

The  demands  which  are  put  forward  by  manufacturers  of 
brick,  in  asking  the  assistance  of  chemists  for  obtaining  suitable 
glazes,  are  generally  such  that  cannot  be  met  at  all.     They 
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finally  ask  for  glaze  receipts  for  easily  fusible  clays,  the  receipts 
being  such  which  by  their  composition  represent  difficultly  fusible 
glazes,  like  the  slate-gray  variety  which  is  in  such  great  demand. 

Concerning  the  utility  of  roofing  glazes,  the  following  points 
must  be  brought  out : 

Roofing  tiles  should  be  glazed  only  when  it  is  expected  that 
they  become  by  this  treatment  more  able  to  resist  the  attacks  of 
the  weather,  or  if  one  expects  or  desires  to  decorate  the  ware 
and  obtain  certain  ornamental  effects  not  attainable  by  the  clay 
alone.  For  this  reason,  dark  glazes  are  required  as  a  rule,  as 
they  are  already  adapted  to  roofing  tile,  which  in  most  cases  are 
made  from  dark  burning  clays. 

No  one  should  expect  to  use  such  glazes,  unless  he  knows 
that  his  ware  has  the  necessary  degree  of  durability  to  carry 
them.  It  is  known  that  soft-burned  tiles,  when  they  are  ex- 
posed to  the  weather  after  glazing,  generally  shell  ofif  after  a 
short  space  of  time.  Hence  they  are  not  improved  by  glazing. 
For  this  reason,  it  must  be  understood  that  tiles  must  be  hard- 
burned  if  they  are  to  be  glazed,  or  at  least  medium  hard,  and  it  is 
better  if  they  are  vitrified,  but  under  no  circumstances  should 
they  be  soft. 

It  is  often  the  belief  of  brickmakers,  who  make  tiles  as 
well  as  brick,  that  they  can  bum  their  tiles  soft  because  they 
keep  their  shape  so  much  better,  and  that  they  can  then  glaze 
them  and  thus  make  them  durable  to  weather.  This  is  not  the 
case  by  any  means.  If  a  roofing  tile  is  soaked  in  water  and 
is  then  frozen,  one  will  be  able  to  see  that  little  rods  of  ice  are 
forced  out  of  every  little  hole  or  pore,  and  this  efiFect  is  produced 
by  the  expansion  which  the  water  undergoes  in  freezing. 

These  little  rods  or  needles  of  ice  are  the  smaller  in  diame- 
ter the  finer  the  grain  of  the  clay,  and  the  rods  become  coarser 
as  the  texture  of  the  clay  becomes  more  open.  This  can  be 
noticed  especially  in  washed  limy  clays;  the  ice  flows  through  fine 
orifices,  like  a  liquid ;  and  if  the  orifices  are  closed  up  by  a 
layer  of  glaze,  and  if  the  quantity  of  water  contained  in  the  tile 
is  large,  and  the  glaze  does  not  adhere  to  the  tile  sufficiently, 
whole  sections  of  the  glaze  will  be  burst  ofif. 
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One  will  have  to  adjust  the  f  osing-point  of  the  glaze  to  suit 
the  point  of  vitrification  of  the  clay,  for  one  always  tries  to  bum 
body  and  glaze  in  one  firing,  whete  this  is  possible.  The  glazes 
by  themselves  will  not  always  be  capable  of  resisting  the  weather, 
especially  the  more  easily  fusible  ones,  but  will  be  decomposed  by 
the  attacks  of  tlie  air  and  water.  Losses  of  alkaline  matter 
occur  in  this  way,  and  the  structure  of  the  glaze  is  by  this  means 
weakened,  and  becomes  vari^ated,  iridescent,  and  finally  disin- 
tegrates into  small  floccules,  when  the  whole  glaze  is  destroyed. 

Such  glazes  ought  to  be  examined  as  glasses  are,  for  in 
those,  the  action  of  the  atmosphere  is  well  considered.  Weber 
has  proposed  a  very  good  method  for  testing  the  resistance  of 
glasses  to  the  atmosphere,  and  this  I  have  applied  to  glazes. 
The  glazes  are  put  under  a  glass  bell-jar,  under  which  a  small 
dish  of  strong  hydrochloric  add  is  also  placed ;  this  etches  the 
surface  more  rapidly  than  the  carbon  dioxide  of  the  air  does,  and 
in  a  short  time,  if  the  glass  is  destructible  at  all,  it  will  show 
signs  of  decomposition,  and  a  faint  film  of  segregated  silicic  acid 
is  seen  on  the  surface. 

The  kind  of  a  glaze  which  one  would  use  for  a  roofing  tile 
depends  wholly  on  the  temperature  which  the  day  withstands. 
With  a  low  heat  resisting  power  one  will  always  have  recourse 
to  the  lead  glazes,  at  least  till  a  lead-free  glaze  is  brought  out, 
which  will  operate  at  these  lowest  temperatures. 

The  usual  pottery  glazes  are  simple  lead  silicates ;  they  are 
the  most  easily  fusible  glazes,  and  are  also  employed  in  the 
manufacture  of  tiles.  They  vary  in  their  silidc  acid  content 
from  a  sesquisilicate  to  a  trisilicate,  and  contain  a  little  alumina; 
the  richer  in  silidc  acid  they  are,  the  more  difficultly  fusible 
they  will  be.  The  compositions  of  the  most  easily  fusible  and 
the  most  difficultly  fusible  lead  glazes  are  as  follows : 


Most  cMlly  f  uiible  f  lase 

Moat  difficultly  fusible  fflsse 

i.o  X  223  lead  oxide 

0,1  X    94  potash 

1-5  X    60  silica 

0.2  X    56  lime 

0.7  X  223  lead  oxide 

0.3  X  loi  alumina 

3.0  X    60  silica 
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The  glazes  applied  must,  as  a  rule,  lie  between  these  limits. 
One  will  of  course  always  have  to  consider  the  degree  of  fusi- 
bility which  can  be  permitted,  and  hence  it  will  not  only  be 
possible,  but  necessary,  to  vary  the  numerical  proportions  con- 
siderably. In  the  glazing  of  tiles,  where  color  is  the  chief 
requirement,  and  especially  a  black  color,  it  will  generally  be 
best  to  use  one's  own  clay  as  far  as  its  composition  will  permit, 
and  will  use  only  lead  oxide  as  an  addition.  The  contents  of 
iron  oxide  here  act  as  a  yellow  or  brown  coloring  material ; 
other  materials  will  generally  be  unnecessary  for  this  purpose. 

One  must  especially  avoid  boracic  acid,  because  glazes  call- 
ing for  boracic  acid  must  always  be  fritted,  and  this  would  not  be 
advisable  for  a  roofing  tile  glaze  which  has  to  be  made  as  cheaply 
as  possible.  If  colored  glazes  are  desired,  the  color  of  the  tile 
will  first  have  to  be  obliterated,  by  a  white  layer,  and  a  glaze 
containing  tin  oxide  is  best  used  for  this  purpose.  The  covering 
of  the  clay  with  a  slip  of  white  burning  clay  is  not  to  be  recom- 
mended. 

The  average  composition  of  the  white  tin  enamels,  such  as 
are  used  in  the  production  of  white  tiles,  faience,  stove  tiles, 
etc.,  can  be  taken  as  being 

0.2  X    94  potash, 
0.8  X  223  lead  oxide, 
0.2  X  loi  alnmina, 
2.0  X    60  silica, 
0.5  X  150  tin  oxide. 

Sometimes  more  of  the  one  ingredient  is  necessary,  and 
again  more  of  another,  but  as  a  whole  this  will  be  the  average 
composition. 

The  tin  oxide  makes  the  glaze  opaque  or  white  ;  any  de- 
sired colors  can  be  made  with  it  by  adding  to  it  certain  metal- 
lic oxides,  for  instance,  cobalt  oxide  up  to  3  per  cent,  copper 
oxide  up  to  4  per  cent,  manganese  dioxide  up  to  8  per  cent,  iron 
oxide  up  to  4  per  cent,  uranium  oxide  up  to  5  per  cent,  lead 
antimonate  up  to  10  per  cent 

These  lead  glazes  range,  according  to  their  composition,  from 
about  500®,  which  is  dark  red  heat,  up  to  1150®,   the  melting- 
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point  of  cone  No.  i ;  above  this  heat,  it  is  not  possible  to  work 
lead  glazes,  as  lead  has  the  great  disadvantage  of  volatilizing 
easily  under  the  influence  of  the  fire-gases.  Through  this  pe- 
culiarity, the  glaze  grows  constantly  more  acid,  making  it 
more  difficultly  fusible,  and  hence  fails  to  come  up  bright 

This  evil  is  made  worse  the  longer  the  ware  is  kept  in  the 
fire,  and  it  becomes  the  stronger  the  higher  the  heat  at  which 
the  glaze  is  burned.  Hence,  in  the  composition  of  the  lead 
glazes,  one  cannot  very  well  exceed  this  limit ;  the  tin  glazes 
melt  at  about  silver-melting  heat,  some  above  and  some  below, 
according  to  their  constitution. 

The  most  important  glazes  for  roofing  tiles  are  the  glazes 
free  from  lead ;  these  are  used  in  the  form  of  loam  or  loamy 
bodies,  which  are  applied  to  the  tiles,  and  burned  on  them. 
It  is  not  possible  to  compound  these  loams  in  such  a  way 
that  they  will  melt  at  any  low  temperature ;  they  rather  require 
a  definite  d^;ree  of  heat  to  bring  them  to  fusion  at  all.  A  glaze 
which  has  a  composition,  in  equivalents,  of 

0.2  K p,  0.8  CaO,  0.2  Fe  O  ,  a3  Al  O  ,  3.0  SiO, 

melts  at  about  the  temperature  of  cone  No.  i.  The  lowest 
fusing-point  which  can  be  obtained  for  such  glazes  will  be  at 
about  1 150®.  They  go  up  to  cone  No.  6  or  8,  or  even  to  cone 
No.  10. 

These  glazes,  which  must  always  contain  iron,  at  least  those 
which  melt  at  the  lower  points  of  the  scale,  appear  on  fusing  as 
a  black  layer,  which  takes  on  a  brown  coloration  on  the  surface, 
if  the  glazes  are  exposed  for  a  time  to  atmospheric  air,  like  an 
ordinary  stoneware  glaze.  If  this  glaze,  free  from  lead,  is  heated 
for  a  time  in  a  reducing  atmosphere,  the  iron  oxide  will  be  re- 
duced to  the  ferrous  form,  and  the  color  will  become  black.  In 
a  similar  manner  a  black  coloration  is  induced  if  manganese  is 
added  to  the  glaze  or  copper  oxide,  cobalt  oxide,  etc.,  and  it  then 
remains  permanently  black,  and  does  not  turn  to  the  yellowish 
brown  coloration  on  a  repetition  of  the  oxidation. 

The  most  important  glazes  used  in  the  industry  are  the 
iron  glazes,  which,  however,  require  more  heat  They  consist  of 
ferrous  silicates,  corresponding  to  puddlers'  cinder;  they  are 
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produced  by  saturating  sand  with  iron  oxide,  generally  impure 
ferruginous  sand,  or  ochre  blended  with  sand.  The  kinds  of 
iron  oxide  or  ochre,  which  are  used  for  this  purpose,  always  con- 
tain sand,  and  sometimes  sand  is  even  added.  If  the  silicate  is 
burned  with  exclusion  of  reducing  gases,  it  assumes  a  brown 
coloration,  but  if  burned  in  a  reducing  atmosphere,  it  will  be 
pure  black,  and  assume  a  slate-gray  color  on  the  surface.  It 
does  not  melt  completely  to  a  thin  fluid  like  the  glasses,  but 
really  only  frits  together ;  the  glazes  never  become  bright  and 
shining  but  are  always  dull.  This  is  desirable,  however,  for 
roofing  tile  glazes. 

The  fusing-point  of  this  glaze  runs  up  to  cone  No.  10  or  11, 
and  descends,  depending  on  the  composition  and  the  ratio  of 
silicic  acid  to  the  iron,  to  about  cone  No.  3.  I  have  busied  my- 
self very  much  lately  with  glazes  of  this  type,  and  have  found 
that  it  is  essentially  the  higher  or  lower  per  cent  of  silicic  acid 
which  determines  the  fusibility  of  a  glaze. 

The  glazes  richest  in  ferrous  oxide  are  not  always  the 
easiest  to  fuse ;  the  lowest  fusing-point  on  the  contrary  lies  near 
those  which  represent  the  bisilicate  of  iron  (72  of  iron,  and  120 
of  silica).  The  fusibility  decreases  with  a  rising  or  a  falling 
quantity  of  silica. 

Glazes  somewhat  more  easily  fusible  than  the  pure  ferrous 
oxide  glazes,  are  produced  if  a  proportion  of  manganese  oxide  is 
added.  Still  no  such  glaze  could  be  applied  to  a  body  which 
can  not  be  burned  at  least  to  cone  No.  3.  Such  glazes,  which 
contain  beside  the  ferrous  bisilicate,  other  elements  as  well  in 
considerable  proportions,  could  be  made  more  fusible  than  the 
ferrous  glazes,  but  they  would  lose  thereby  the  characteristic 
steel-gray  luster,  and  turn  into  glassy,  bright,  black  glazes. 
This  rule  is  to  be  regarded  as  inflexible. 

Glazes  free  from  lead  can  not  l)e  burned  at  any  heat  below 
cone  No.  i.  Glazes  containing  lead  must  not  be  burned  at  tem- 
peratures above  cone  No.  i.  This  draws  a  sharp  line  between 
the  two  classes  of  glazes,  which  ought  not  to  be  overstepped. 

Hence,  if  a  chemist  is  asked  to  produce  a  formula  for  a 
glaze,  which  must  be  free  from  lead,  and  must  be  applied  to  a 
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body  which  cannot  be  heated  above  looo^  without  danger,  he 
will  of  course  not  be  able  to  fill  such  a  requirement 


Note  on  the  Weather-Resisting  Power  of  the  Old  Roman 

Bricks  and  Mortar 


Albb&t  Blnninobk,  B.8c.,  Translator 

A  piece  of  brick  from  the  Roman  baths  of  Trevres  found 
its  way  into  my  hands.  It  showed  a  dense,  gray,  glaze-like  coat- 
ing on  the  surface  about  i  mm.  thick.  This  deposit  appeared 
to  indicate  that  a  coating  was  applied  in  the  burning  of  the 
brick  and  its  presence  was  looked  upon  as  the  cause  of  the  extraor- 
dinary weather  resistance  of  the  latter. 

An  examination,  however,  showed  that  the  layer  was  by  no 
means  applied  in  the  manufacture  of  the  brick,  but  rather  that 
it  was  produced  by  a  deposition  and  incrustation  of  crystalline 
calcium  carbonate  in  and  on  the  brick,  and  that  its  existence  is 
to  be  ascribed  to  the  action  of  the  mortar  constituents  acting  for 
a  long  time. 

On  touching  the  coating  with  hydrochloric  acid,  carbon 
dioxide  was  evolved  energetically.  The  layer  disappeared,  and 
after  a  short  time  the  brick  assumed  its  original  red  color.  Other 
places  of  the  brick  did  not  evolve  any  carbon  dioxide  with  the 
exception  of  a  few  small  white  points  on  the  fracture,  which 
thus  represented  small  particles  of  lime  that  had  been  burned 
'*  dead  "  in  the  burning  of  the  brick,  and  hence  did  not  affect  its 
durability.  The  production  of  the  limy  coating  on  the  surface 
is  easily  explained.  Calcium  carbonate,  which  is  formed  from 
the  caustic  lime  of  the  mortar,  is  somewhat  soluble  in  water  con- 
taining carbon  dioxide  and  on  the  expulsion  of  carbon  dioxide 
it  again  crystallizes  out  The  carbon  dioxide  of  the  water  has 
been  taken  from  the  atmospheric  air.  If  the  segregation  takes 
place  slowly  the  calcium  carbonate  may  form  crystals  which  are 
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visible  to  the  naked  eye,  and  hence  give  rise  to  the  enamel-like 
appearance  of  the  coating. 

Otherwise,  however,  the  bricks  owe  their  durability  (i)  to 
the  selection  of  a  good  clay,  not  too  short,  {2)  to  the  uniform 
working  of  the  same,  (3)  to  the  careful  treatment  of  the  brick 
during  the  making  and  drying,  and  (4)  to  the  proper  burning 
temperature  and  the  thorough  burning  of  the  brick,-— conditions 
which  are  self-evident  for  every  good  brick,  but  which  to-day 
are  not  always  given  the  necessary  attention  owing  to  the  strong 
demand  and  the  competition  of  modem  times. 

That  calcium  carbonate  is  easily  crystallized  from  aqueous 
solution  is  proved  by  the  crystalline  structure  of  stalactites  and 
stalagmites  which  are  formed  in  limestone  caves  by  the  pene- 
trating watep,  and  is  also  observed  in  mortars.  Thus,  for  exam- 
ple, there  are  found  crystalline  segregations  in  the  mortar  of 
the  old  Metz  water  works  at  Ars  on  the  river  Moselle  in  the 
shape  of  calcspar  crystals  grown  in  it,  2  to  3  mm.  in  size,  which 
likewise  can  only  have  been  produced  by  the  long-continued 
action  of  water  and  carbon  dioxide.  The  old  mortars  may  in 
part  owe  their  durability  to  such  a  change  of  the  amorphous  cal- 
cium carbonate  to  the  crystalline,  and  future  generations  perhaps 
will  express  their  surprise  as  to  the  excellence  of  our  mortars,  just 
as  we  do  with  reference  to  the  Romans.  The  hardness  of  these 
mortars  is  solely  to  be  ascribed  to  their  age. 

Later  inquiries  show  that  the  surface  of  the  brick  which 
possessed  the  coating  in  question  had  been  a  contact  surface,  and 
was  no  doubt  in  contact  with  the  mortar,  ofiEering  a  ready  oppor- 
tunity for  the  penetration  of  the  lime  into  the  interior  of  the 
brick.  Another  piece  with  an  exterior  surface  showed  only  a 
blackish  very  thin  deposit,  which  is  to  be  considered  as  a  depo- 
sition of  dust  and  coal-like  products. 
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II.  ESSAYS  REFERRING  TO  EARTHENWARE  AND 

STONEWARE 


Tile  Clay  from  Muehlenbeck 


Albert  Blbininobr,  B.Sc.,  Translator 

The  Velten  stove-tile  clay,  which  not  only  has  given  rise 
to  an  extensive  manufacture  of  stove  tiles  at  the  village  of  Velten 
itself,  but  has  also  given  rise  to  an  export  of  raw  and  washed  clay 
owing  to  its  excellent  quality,  owes  its  special  suitability  for  the 
manufacture  of  stove  tiles  essentially  to  two  properties.  The 
one  property  is  the  remarkably  slight  shrinkage  which  the  clay 
shows  in  drying,  and  when  burned  soft,  so  that  the  stove  tiles 
made  from  it  do  not  warp  in  the  kiln  ;  the  other  property  is  that 
it  carries  a  white  tin  enamel  nicely  and  free  from  crazing.  The 
last  property  is  usually  ascribed  to  its  high  content  of  calcium 
carbonate,  which  amounts  to  25  or  30  per  cent.  Owing  to  the 
enormous  consumption  of  clay  (there  being  in  Velten  some  30 
clay-working  establishments  which  manufacture  stove  tiles),  the 
time  does  not  seem  far  distant  when  this  valuable  material  will 
be  exhausted  and  it  will,  perhaps,  be  of  interest  to  become 
acquainted  with  other  deposits  which  promise  a  similar  material. 
The  examination  of  such  a  material  which  is  found  near  the 
deposit  of  the  Velten  clay,  belonging  to  the  same  geological 
formation  and  showing  similar  properties,  gave  rise  to  the  re- 
sults of  this  investigation. 

The  clay  is  found  at  Muehlenbeck,  a  village  north  of  Berlin, 
about  10  kilometers  from  Velten,  and  is  being  exploited  in  a 
newly  constructed  washing  plant  by  Mr.  T.  H.  Holzhueter  in 
lyichterfelde.  It  is  the  intention  to  sell  part  of  it  in  the  raw 
condition  and  to  use  part  of  it  in  the  extensive  manufacture  of 
stove  tiles,  wall  and  floor  tiles. 

In  the  great  deposit  there  are  two  clays  of  difiEerent  color. 
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The  deeper  layers  are  blue-gray,  and  gradually  change  to  a  yel- 
low clay  towards  the  top.  But  evidently  it  is  only  one  deposit 
which  has  thus  been  changed  towards  the  top  by  the  action  of 
atmospheric  influences  and  has  assumed  a  yellow  color.  There 
are  several  places  in  the  deposit  in  which  white  soit  chalk  is  em- 
bedded in  greater  or  smaller  quantities.  The  material  in  the 
washed  condition  has  the  following  composition : 


Tcllow  layer 

I/iw  gray  layer 

Fer  eoit 

Per  oeal 

SUica   .... 

4a.3i 

41.03 

Alumina    .... 

9.91 

10.09 

Iron  oxide 

4.88 

4.» 

Lime          -           -           -           . 

19.95 

20.99 

Magnesia 

1.86 

2.14 

Alkalies     .... 

1.66 

1.64 

Carbon  dioxide 

15.71 

16.81 

Water  and  organic  matter 

3.52 

3.10 

100.00 

100.00 

The  Velten  cky  is  not  always  of  the  same  composition. 
The  content  of  calcium  carbonate  especially  varies  as  is  shown 
by  two  old  analyses: 


▼cltm  tlay  No.  i 

Veltctt  day  Ho.  t 

Fer  oeat 

rercnt 

Silica    - 

. 

47.86 

43.48 

Alnmina 

- 

11.90 

10.46 

Iron  oxide 

- 

5.18 

5.10 

I4me 

«                                                               M                                                              w 

14.96 

18.68 

Magnesia 

- 

I.71 

1.42 

Alkalies 

- 

3.66 

4.00 

Carbon  dioxide    - 

10.44 

} 

Water 

- 

4.64 

16.98 

The  content  of  calcium  carbonate  in  these  clays  corresponds 
in  No.  I  to  20.73,  and  in  No.  2  to  33.4  per  cent  In  two  other  Vel- 
ten day  samples,  from  different  places,  the  content  of  calcium 
carbonate  was  found  to  be  27.4  and  28.9  per  cent 
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In  the  Muehlenbeck  clays  examined,  the  content  of  calcium 
carbonate  was  found  to  be  35.7  per  cent  in  the  yellow,  and  38.2 
per  cent  in  the  gray  layer,  this  being  still  higher  than  the  amount 
found  in  the  Velten  clay.  The  appearance  of  the  clay  from  Vel- 
ten  and  Muehlenbeck  is  the  same.  The  latter  forms  a  yel- 
low or  grayish  mass  of  great  plasticity ;  No.  i  especially  is  very 
plastic  and  exactly  equal  to  the  Velten  clay,  while  the  gray  ap- 
pears to  be  somewhat  less  plastic  on  account  of  its  high  content 
of  lime ;  it  readily  assumes  a  yellow  color  on  burning,  and  when 
heated  to  the  melting-point  of  silver  either  shows  no  decrease  in 
volume  whatever  or,  on  the  contrary,  a  slight  increase. 

The  shrinkages  were  measured  and  found  to  be  as  follows : 


Velten  cUy 
Per  cent 


On  drying,  starting  with  a  condition  of  moist- 
ness  corresponding  to  the  working  condi- 
tion -  -  -  - 

At  the  melting-point  of  silver  - 


6.1 
6.0 


Muehlenbeck  day 


Yellow 
Per  cent 


4.6 
4.6 


Gimj 
Per  cent 


4.6 
3*4 


The  change  in  volume  which  the  clay  assumes  in  drying 
and  burning  is  hence  somewhat  smaller  than  in  the  case  of  the 
Velten  clay,  and  this  property  can  influence  the  manufacture 
only  in  a  favorable  direction. 

The  washing,  to  which  the  clay  has  been  subjected,  is  also 
favorable  for  its  use.  In  the  Velten  clay  there  was  found  39.08 
per  cent  of  fine  quartz  sand,  while  the  sand  content  of  the  Mueh- 
lenbeck clay  amounted  only  to  31.47  per  cent  in  the  yellow  and 
30.84  per  cent  in  the  gray  variety.  A  practical  test  of  glazing 
with  a  white  enamel  had  a  favorable  result  The  layer  of  enamel 
adhered  perfectly  to  the  surface  of  the  Muehlenbeck  clay  and 
was  perfectly  free  from  crazing  just  as  in  the  case  of  the  Velten 
clay. 

The  clay  from  Muehlenbeck  may  for  this  reason  replace  the 
Velten  clay,  and  owing  to  its  good  qualities  will  certainly  find 
extensive  use. 


Engobe  Clays 

(Prom  Coelln-Meitien  and  from  Kaachkau) 


ALmntT  BLXnCINOBm,  B.8C.,  TSAlfBLATOS. 

Engobe  clays  are  clays  which  on  burning  assume  a  pure  white 
color,  possess  a  certain  d^^ree  of  plasticity,  and,  when  poured  as 
a  thin  slip  upon  more  or  less  colored  clay  wares,  adhere  to  them 
in  a  thin  coating  and  thus  give  to  them  a  white  color.  After 
the  burning,  such  clay  wares  are  frequently  coated  with  a  color, 
less  glaze.  In  central  Germany  and  Bohemia  this  method  is 
often  used  to  give  to  stove  tiles,  wall  tiles,  and  similar 
products  a  pure  white  color.  White  burning  clays,  which  are 
adapted  to  this  purpose,  are  rare,  since  there  are  but  few  plastic 
clays  which  bum  to  a  pure  white.  The  best  known  of  these 
has  so  far  been  the  Kaschkau  engobe  clay  from  near  Meis- 
sen. It  is  obvious  that  in  using  such  engobes  the  white  clay  as 
it  is  furnished  by  nature  cannot  be  used  without  being  washed 
and  without  the  addition  of  certain  constituents.  The  clays 
upon  which  the  engobe  is  ordinarily  applied  when  they  are  in 
the  leather-hard  condition,  possess  a  varying  composition  at  the 
different  places  of  manufacture,  and  in  consequence  a  differ- 
ent shrinkage,  but  the  engobe  can  adhere  to  them  only  without 
cracking  and  shelling  off  when  it  possesses  the  same  shrinkage 
as  the  working  clay.  The  engobe  clay  offered  by  nature  is  a 
plastic  clay  which  possesses  a  rather  considerable  shrinkage,  and 
this  must  in  most  cases  be  decreased  by  an  addition  of  a  white 
burning,  non-plastic  substance,  which  shrinks  little  or  not  at  all. 
As  such  additions  there  are  used  in  different  places  white  kaolin, 
quartz,  feldspar,  calcspar,  and  similar  substances.  The  compo- 
sition of  the  engobe  body  for  a  definite  case  cannot  be  given, 
without  trial ;  it  is  always  dependent  upon  the  nature  of  the 
working  clay  and  can  be  determined  in  any  separate  instance 
only  by  direct  experiment 

The  glaze  to  be  applied  is  also  dependent  in  its  composition 
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upon  the  nature  of  the  bulk  clay.  It  can  be  said  in  general  that 
the  durability  of  the  glaze  is  governed  first  of  all  by  the  dura- 
bility of  the  working  clay.  The  glaze  is  relieved  from  the  de- 
fect of  crazing  only  when  the  layer  of  engobe  is  very  thick,  or, 
as  it  is  done  in  relief  decoration,  when  the  surface  portions  are 
molded  with  the  white  engobe  mass,  the  usually  coarser  work- 
ing clay  being  used  to  fill  out  the  back.  In  this  case  the  com- 
position of  the  glaze  must  be  so  chosen  that  it  unites  firmly  with 
the  engobe  clay.  But  where  a  thin  engobe  layer  is  used,  which 
is  applied  by  pouring,  this  will  not  be  necessary,  for  on  it  the 
glaze  will  usually  hold,  independently  of  the  composition  of  the 
engobe,  if  the  working  clay  and  the  glaze  agree  in  the  contrac- 
tion due  to  cooling. 

It  may  be  of  interest  to  many  to  know  that,  beside  the  excel- 
lent Kaschkau  engobe  clays,  there  is  a  new  material  of  this  sort, 
mined  and  sold  by  Ruehle  at  Coelln,  near  Meissen.  This 
engobe  clay  is  a  whitish  gray,  very  plastic  material,  burning  to 
a  white,  faintly  cream  color  at  a  high  temperature,  but  at  a  lower 
temperature  or,  as  it  will  always  be  necessary,  when  mixed  with 
other  white  burning  materials,  it  bums  to  a  pure  white.  Chemi- 
cal analysis  showed  the  following  composition : 

Percent 

Silica             -----  62.52 

Alumina              -----  25.57 

Iron  oxide                  -           -           -           -  0.92 

Lime        ------  0.65 

Magnesia        -----  o.io 

Potash      ------  1.04 

I4O88  on  heating         -           -            -           -  9.27 

100.07 

It  is  thus  characterized  as  a  plastic  fire-clay,  containing  but 
little  iron,  of  great  bonding  power  and  possessing  a  considerable 
content  of  quartz.  In  order  to  determine  the  amount  of  the 
latter  a  larger  qtiantity  of  clay  was  first  softened  by  soaking,  and 
washed  through  a  900  mesh  sieve.  There  remained  a  residue 
of  coarser  impurities  (usually  larger  grains  of  pure  quartz)  of 
3.8  per  cent  The  mass  thus  washed  and  purified  was  subjected 
to  chemical  analysis. 
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Another  portion  was  unlocked  with  sulphuric  add  (rational 
analysis),  and  showed  the  following  composition : 

Perotat 

Clay  substance  ....  72.05 

Fddspathic  residue  -       o.io 

Quartz  sand,  not  removed  on  washing  27.76 


According  to  the  trial  bums  made,  the  clay  bums  to  a  pure 
white  at  the  temperature  of  the  melting-point  of  silver  (960^), 
but  at  a  higher  temperature,  at  the  melting-point  of  gold,  it  as- 
sumes a  slight  yellowish  tinge.  This  yellowish  color  may,  how- 
ever, be  readily  avoided  by  imparting  a  faint  blue  color  to  the 
glaze  applied  over  the  engobe. 

The  shrinkage  of  the  clay  from  the  wet,  plastic  condition, 
to  that  of  complete  dryness,  amounted  to  only  6.9  per  cent 
linear  shrinkage;  at  the  temperature  of  the  melting-point  of  sil- 
ver it  shrank  1.9  per  cent  more ;  at  gold,  melting  heat  9.5  per 
cent  more,  that  is,  not  more  than  the  shrinkage  of  lean  working 
clays.  According  to  the  nature  of  the  bulk  day  it  must  be  com- 
pounded in  different  ways  for  the  purpose  of  engobing.  Two 
different  compositions  of  the  engobe  body  were  tested,  a  lean  one 
(I)  and  a  more  plastic  one  (II). 

I 

Flitts 

Engobe  clay  fnmi  H.  Ruehle    -           -           -  58 

Meissen  kaolin         -                                    -            -  45 

Feldspar             ....           -  35 

Chalk 15 

Ground  qnartz    -           -           -           -            -  60 

II 

Puts 

Bngobe  day  from  H.  Ruehle        -  -     48.5 

Ground  marble  -  -  -  -  15.0 

Ground  quartz       .....     36.5 

Both  engobes  adhered  well  to  a  number  of  different  clays  and 
showed  a  very  beautiful  white  color. 

Let  us  now  compare  this  clay  with  the  old,  famous  Kasch- 
kau  engobe  clay,  which  is  mined  on  the  estate  of  Mr.  Gaas- 
sauge,  at  Kaschkau,  near  Meissen. 
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The  day  existing  there,  which,  as  we  are  assured,  still  en- 
closes an  extensive  area  not  yet  opened  up,  is  a  light  grayish 
material  of  a  kaolin-like  constitution,  full  of  quartz  grains  up  to 
the  size  of  a  pea. 

On  washing  it  21.08  per  cent  of  residue  was  held  back  by  a 
sieve  of  900  meshes  per  square  centimeter.  The  fine,  washed 
mass,  on  being  analyzed  by  the  rational  method,  showed  the 
following  composition : 

Fer  cent. 

Clay  substance  ....  67.82 

Quartz  sand         .....     30.93 
Peldspathic  residue  -  -  -  -  1.25 

The  chemical  analysis  had  the  following  result : 

Per  cent 

Silica        -           -           -           -           -           -  63.17 

Alumina        .....  25.09 

Iron  oxide           .....  0.64 

I^ime  -.--.-  0.35 

Magnesia                                    -           -           -  0.26 

Potash            .....  0.80 

Water       ......  9.70 

On  comparing  these  figures  of  the  rational  and  chemical 
analyses  of  the  washed  material  with  those  of  the  first  material, 
it  will  be  found  that  they  coincide  as  closely  as  it  is  possible  for 
natural  products  to  do.  But  there  are  a  few  small  difEerences  to 
which  attention  is  to  be  called.  First  the  content  of  iron  oxide 
is  still  lower  in  the  Kaschkau  clay  and  hence  it  assumes  a 
whiter  color  even  at  a  high  temperature.  But  I  do  not  believe 
that  the  pure  white  color,  as  compared  with  the  faint  yellowish 
tinge  of  the  Ruehle  clay,  will  be  of  importance  for  many  pur- 
poses. The  faint  cream  color,  which  is  noticed  only  when  a 
pure  white  object  is  on  hand  for  comparison,  can  easily  be  re- 
moved by  a  corresponding  bluing  of  the  engobe  itself  or  of  the 
glaze.  Again,  the  glazes  ordinarily  applied  on  engobed  bodies, 
which  usually  are  high  in  lead,  possess  a  more  decided  yellowish 
cast ;  hence,  most  wares  obtain  their  strong  yellow  color  in  this 
way.  But  where  special  stress  is  placed  on  a  pure  white  color 
for  finer  ware  and  it  is  not  desired  to  use  a  blue  color  in  the  en- 
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gobe  and  glaze,  it  will  be  necessary  to  make  use  of  the  pure 
white  body. 

However,  an  especially  important  feature  of  the  old  Kasch- 
kau  body  is  its  extremely  small  shrinkage  in  drying  and  burning 
within  the  temperature  limits  to  which  the  burning  of  the  en- 
gobe  clays  is  usually  confined.  This  is  extraordinarily  small 
and  thus  facilitates  its  adhesion  to  the  main  body. 

The  shrinkage  in  drying  from  the  consistency  necessary  for 
the  pressing  of  the  washed  engobe  body  in  plaster  molds 
amounted  to  3.7  per  cent;  at  gold-melting  heat  (1075^)  ^^ 
was  equal  to  4.1  per  cent;  at  cone  No.  i  (1150^)  to  4.4  per  cent 
This  is  another  well-founded  reason  why  the  old  white  engobe 
body  enjoys  such  an  excellent  reputation. 


The  Fuerstenwalde  Glaze  Sand 


ALBsmT  Blbikxhobr,  B.SC.,  Tbanblatob 

The  deposit  of  glaze  sand  at  Fuerstenwalde  belongs  to  the 
lignite  formation  and  forms  the  cover  as  well  as  the  intermediate 
layers  of  the  lignite  deposits  opened  up  near  the  town ;  it  is 
known  to  practical  men  as  an  easily  fusible  or  ^'  soft"  sand  and 
esteemed  on  account  of  these  properties.  Hence  it  often  forms 
the  raw  material  for  the  production  of  glazes,  especially  the  lead- 
tin  enamel  used  so  extensively  throughout  northern  Germany 
in  the  manufacture  of  stove  tiles.  In  appearance  it  forms  a  very 
soft  and  flour-like,  strongly  dusting  powder  of  a  somewhat  yel- 
lowish color,  in  which  here  and  there  small  ochre-like  particles, 
as  well  as  particles  of  coal,  are  recognized.  Numerous  fine 
silver-white  flakes  of  mica  are  also  readily  observed,  especially  on 
stirring  it  up  with  water. 

The  chemical  analysis  of  the  sand  dried  at  120°,  resulted  in 
the  following  composition : 


FUERSTENWALDE  GLAZE  SAND 
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Totol 
Per  cent 

Not  decomposed  by 
salphuxic  add 

Per  cent 

Clayey  snbotance 
decompoted 

Per  cent 

Silica 
Alumina 
Iron  oxide 
Magnesia 
Potash 

Water  and  carbon- 
aceons  matter 

85.96 

2.22 
0.25-1 
1.97  J 

2.12 
99.82 

80.03 
2.69 

1. 00 
83.80 

5.93 
4.61 

2.22 

1. 14 

2.12 
16.02 

In  the  residue  remaining  after  decomposition  by  sulphuric 
acid,  flakes  of  mica  were  observed  more  distinctly  than  in  the 
raw  sand.  Assuming  this  mica  to  be  potash  mica  (an  assump- 
tion which  is  justified  by  the  results  of  the  analysis,  and  which 
consists  of  48.07  per  cent  of  silica,  38.41  per  cent  of  alumina, 
ID.  I  per  cent  of  potash,  and  3.4  per  cent  of  water),  then  the  con- 
tent of  alumina  in  the  undecomposed  part  due  to  mica  is  calcu- 
lated to  be  7  per  cent,  and  the  mineral  constitution  of  the  sand 
would  be  expressed  by  the  following  composition : 

Per  cent 

Quartz  powder  -  -  .  .  76.98 

Mica         -.----       7.00 

Clay  substance  -  .  .  .  16.02 

Prom  this  composition  is  explained  its  property  of  fritting 
at  a  comparatively  low  temperature  with  the  fluxes  (lead,  tin 
oxide,  and  salt),  and  of  thus  producing  a  more  fusible  enamel  than 
pure  quartz  sand  ;  for  on  the  one  hand  it  contains  nearly  one- 
fourth  of  its  amount  of  such  mineral  substances  which  are  rela- 
tively fusible  in  themselves  without  fluxes,  and  on  the  other 
hand  it  introduces  into  the  glazes  appreciable  amounts  of  fluxes 
and  hence  furnishes,  with  otherwise  the  same  composition,  a 
glaze  lower  in  silica  but  higher  in  alkali  and  alumina  than  pure 
quartz  sand. 

As  may  be  seen  from  the  above  analysis,  the  sand  contains 
an  inconsiderable  quantity  of  iron  oxide,  but  as  practice  has 
shown,  this  has  no  essential  influence  upon  the  manufacture 
of  enamels  which   contain  all   or  part  of    the  alkali  in   the 
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f onn  of  common  salt,  since  the  iron  compounds  are  for  the  great- 
est part  converted  to  iron  chloride  by  the  salt  and  are  volatilized 
in  fritting. 

No  less  important  than  the  chemical  composition,  in  regard 
to  the  melting  of  the  sand,  is  its  physical  constitution,  the  size 
and  shape  of  its  grains.  In  the  following  table  are  given  the 
mechanical  analysis  of  the  same  sand  by  means  of  the  Schone 
washing  funnel,  and  also  the  physical  analyses  of  two  sands 
which  are  used  in  the  Royal  Porcelain  Factory,  one  being  apure 
and  moderately  fine  glass  sand  from  Camenz,  which  serves  for 
sanding  the  saggars,  and  the  same  sand,  after  being  ground  in 
the  Alsing  cylinder,  is  used  for  the  porcelain  glazes,  in  order  to 
afford  a  comparison  as  to  how  far  the  Puerstenwalde  glass  sand 
approaches  the  artificially  prepared  material  for  glazing  in  fine- 


GlAM  MBd 

fromOuBeBs 

FncntCBWAlde 
mud 

OtaMHUid 
framCuneas, 

gltNUMl 

Fer  ocBt 

Per  cent 

Fer  cent 

Sizes  of  grain  over  0.2  mm. 

56.8 

0.2 

0.2 

Sizes  of  grain  from  0.02  to  0.04  mm. 

43.2 

57.5 

29.9 

Sizes  of  gram  from  0.04  to  .002  mm. 

0.0 

27.4 

24.2 

Sizes  of  grain  from  0.02  to  o.oi  mm. 

0.0 

6.4 

3* 

Sizes  of  grain  below  o.oi  mm. 

0.0 

8.5 

4a.5 

While  most  quartz  sands  consist  of  rounded  grains,  due  to 
abrasion,  the  Puerstenwalde  glaze  sand,  like  most  of  the 
lignite  sands,  shows  an  essentially  different  physical  constitu- 
tion, which  certainly  is  of  great  influence  upon  its  fusibility. 
On  examining  it  with  the  assistance  of  a  powerful  magnifying 
glass  or  microscope,  it  will  be  observed  that  the  predominating 
quantity  of  transparent  quartz  grains  does  not  possess  a  round, 
but  a  plate>like,  shape.  Thus  it  offers  a  greater  surface  to  the 
attack  of  the  fluxes  on  melting  than  can  be  the  case  with  sand 
consisting  of  round  grains.  Hence  it  is  seen  that  the  physical 
constitution  of  the  material  alone  is  of  importance  in  regard  to 
its  fusibility. 
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The  Hoehr  Stoneware  Clay 


ALBSKT  BumilKOBK,  B.SC.,  TmJJX9LATOR 

In  the  work  of  Dr.  Wilkens  ("  Die  Toepferci")  in  the  dis- 
cussion of  the  ordinary  stoneware,  the  importance  of  a  high  con- 
tent of  silica  in  the  clay  is  shown  to  affect  the  gloss  and 
beauty  of  the  salt  glaze,  and  A  number  of  analyses  of  stoneware 
bodies  are  given,  these  being  made  by  Salr^tat.  These  analyses 
show  that  the  content  of  silica  in  the  salt-glazed  stoneware  is 
always  high  and  fluctuates  between  62  and  75  per  cent  The 
investigations,  however,  do  not  explain,  from  the  chemical  com- 
position, the  cause  of  the  other  characteristic  properties  of  the 
clay,  i.  e.y  of  producing  at  a  sufficiently  high  temperature  a 
dense  vitreous  body,  which  absorbs  no  water  and  at  the  same 
time  stands  up  well  in  the  fire. 

Of  late  the  stoneware  industry  in  the  so-called  '^  Nassau 
Kannenbaeckerland "  has  again  received  a  powerful  impetus. 
It  produces  not  only  the  most  ordinary  pottery,  but  also  in 
the  hands  of  intelligent  and  active  manufacturers,  products  of 
artistic  value  which  enjoy  a  special  reputation  as  decorative 
ware.  I  refer  especially  to  products  which  are  manufactured  at 
Hoehr  and  Grenzhausen.  Since  the  day  body  used  contributes 
much  to  the  beauty  of  this  fine,  dense,  pearl-gray  pottery, 
it  might  interest  not  only  those  directly  connected  with  the  in- 
dustry, but  also  wider  circles,  to  learn  something  about  the 
properties  of  the  day. 

A  chemical  analysis  of  a  sample  of  prepared  clay,  for  which  I 
am  indebted  to  Mr.  Hanke,  of  Hoehr,  shows  the  following  chem- 
ical composition : 

Per  cent 

Silica           -              -              -              -  70.12 

Alumina             ....  21.43 

Lron  oxide   -              -              -              -  0.77 

Lime    -              -              -              -              -  0.00 

Magnesia     ...              -  0.39 

Potash  and  soda                ...  2.62 

Water          ....  4-92 

100.25 
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The  rational  analysis,  whose  importance  in  r^rard  to  the 
knowledge  of  clays  has  been  shown  in  the  investigation  of  por- 
celain days,  resulted  in  showing  the  following  mineral  constitu- 
tion of  the  clay : 


Quartz  powder  41.77 

Unweathered  feldspathic  residue  3.50 

Plastic  clay  substance  54-73 

The  percentage  composition  of  the  clay  substance,  proper,  is 
as  follows : 

Vn*  cent. 

Silica           -               -               -               -  47.45 

Alumina                                                           -  37.88 

Iron  oxide   -  1.41 

Magnesia            ....  0.71 

Potash  and  soda  4.08 

Water  -----  9.00 

On  comparing  these  figures  with  those  of  the  kaolin  analy- 
ses, a  similarity  in  composition  is  observed,  the  difiEerence  being 
only  that  in  this  case  the  content  of  alkaline  fluxes  is  much 
greater  and  that  of  water  lower.  This  composition  explains,  on 
the  one  hand,  the  ease  of  salt  glazing,  and  on  the  other  the 
peculiar  density  of  the  mass,  owing  to  partial  softening,  not  only 
of  the  feldspar  present  in  small  quantities,  but  also  of  the  clay 
mass  itself,  which,  on  account  of  its  high  content  of  alumina, 
must  show  properties  peculiar  to  the  feldspar ;  this  softening 
takes  place  far  below  the  melting-point  proper. 

It  is  known  that  fusible  silicates,  like  glass,  glazes,  and  also 
clay  bodies,  do  not  change  suddenly  from  the  solid  to  the  liquid 
condition;  there  appears  a  middle  stage  at  which  the  mass 
is  perfectly  dense,  its  pores  being  closed,  but  the  external  shape, 
unless  pressure  is  exerted  upon  it,  will  be  changed  little  or  only 
very  gradually. 

This  peculiarity  is  true  to  a  less  extent  of  the  silicious 
glasses  and  glazes  low  in  alumina  than  of  the  substances  high  in 
alumina,  as,  for  example,  the  feldspar.  Who  ever  has  had  the  op- 
portunity of  observing  feldspar  brought  nearly  to  the  f using-point, 
will  be  able  to  recognize  a  similarity  between  it  and  completely 
vitrified  clay.  If  feldspar  powder  or  feldspar  is  molded  together 
with  difiEerent  amounts  of  fire-clay  into  small  pyramid-like  bodies 
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which  are  burned,  it  may  be  observed  that  they  are  sometimes 
glassy  at  the  fracture  and  become  strongly  translucent  without 
having  in  the  least  lost  the  sharpness  of  the  edges.  This  prop- 
erty of  viscous  fusion  of  the  fluxes  appears  to  be  related  to 
their  content  of  alumina ;  at  least  other  fluxes  containing  lime  or 
alkali,  show  this  property  in  a  less  degree,  and  change  directly 
from  the  solid  condition  to  the  thin  liquid  state  with  but  a  slight 
rise  in  temperature. 


Volcanic  Sand  from  the  Eifel  Mountains 


Albert  Buiziiihobr,  B.Sc.,  TmkNSLATOR 

The  sand  represents  a  dark  gray  sharp  powder,  which,  in 
part  owing  to  subsequent  infiltration  of  cementing  substances, 
forms  larger  lumps  easily  crushed  by  the  hand,  and  in  part 
black  pieces  showing  a  crystalline  fracture.  On  heating,  it  first 
loses  a  small  quantity  of  water,  assumes  a  light  reddish  brown 
color  owing  to  the  oxidation  of  the  black  ferrous  oxide  contained 
in  it  to  ferrric  oxide  and  fuses  at  about  1200^  to  a  blackish- 
brown  glass. 

The  chemical  composition  of  the  sands  was  found  to  be : 


Coarse  sand. 

Pine  ssnd. 

Per  cent. 

Per  cent. 

Silica   -            -            -            - 

52.61 

52.31 

Alumina    .            -            .            . 

13.98 

15.75 

Ferrous  oxide  - 

8.49 

7.22 

Lime          -            -            -            - 

10.92 

10.47 

Magnesia 

7.81 

7.04 

Potash 

1.69 

2.26 

Soda     -           -           -           - 

2.36 

3.10 

Phosphoric  acid    -           -            - 

trace 

trace 

Sulphuric  acid 

0.52 

0.38 

Loss  on  heating    - 

1.57 

1.43 

99.95 

99.96 
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The  composition  of  the  sands,  hence,  is  nearly  the  same. 
According  to  analysis  the  sands  are  entirely  excluded  fxxnn  being 
used  in  the  manufacture  of  fire-brick.  The  quantities  of  flux, 
ferrous  oxide,  lime,  magnesia,  potash,  and  soda  are  much  too 
large. 

However  the  material  could  be  used  when  added  to  refrac- 
tory clays  in  the  shape  of  a  fine  powder,  for  the  manufacture  of 
floor  tiles,  or  it  may  be  used  as  a  glaze  material  for  refractory 
days. 

The  sand  could  likewise  be  used  for  less  refractory  clays  in 
the  manufacture  of  such  products  for  which  the  brown  color  of 
the  glaze  either  does  no  harm  or  is  even  desirable.  Thus  it 
could  be  used  for  some  kinds  of  ordinary  pottery,  for  glazed 
bricks,  water  pipes,  roofing  tile,  and  similar  products.  Finally 
the  sand  might  find  application  in  the  manufacture  of  ordinary 
colored  glass,  wine  and  beer  bottles ;  for  this  purpose  it  would 
need  only  an  addition  of  lime  and  sand. 


Braunite  from  Luthersteufe 


ALBBKT  BLSniUIOBftf  B.8C.,  Tkahslator 


The  material  existing  in  great  deposits  is  mined  near  Ilme- 
nau,  and  is  offered  to  the  market  in  the  following  grades : 


I 

U 

UI 

Bimmiite 

diMt 

Waahcd 
dut 

Per  eent 

Per  cent 

Per  cent 

Per  omt 

Per  cent 

G^ngue  and  silica    - 

Alumma 

Oxide  of  iron 

4.77 
0.64 

0.14 

1.90 

0.44 
0.12 

9.19 

1.49 
0.49 

11.67 
0.24 
0.97 

10.41 
0.52 
1.26 

Ume       ... 
Barium  oxide 

0.91 
0.43 

0.56 

0.43 
O.IO 

0.15 
0.25 

0.05 
0.27 

Copper  oxide 

Nickd  and  cobalt  oxide 

0.21 

0.21 

0.19 

0.08 
0.80 

0.15 
0.58 

Oxygen 

ManganoQS  oxide 

Water  and  loss  on  ignition 

15.41 
74.26 

3.23 

9.47 

84.98 

2.32 

7.24 

74.76 

6.II 

10.88 
66.97 

7.99 

II.II 
71.02 

4.63 

100.00 

100.00 

100.00 

100.00 

100.00 

COMPOSITION  OF  BROWN  SLIP  GLAZES 


449 


If  the  oxygen  contained  in  the  braunite  is  calculated  to  be 
combined  with  the  manganous  in  such  a  manner  that  manganese 
dioxide  is  produced,  the  braunites  will  contain  the  following 
amounts  of  dioxide : 


Dioxide 
Manganous  oxide 


Per  cent 


83.64 
6.03 


II 
Per  cent 


51.52 
42.93 


III 
Per  cent 


39.34 
42.66 


Dust 
Per  cent 


49.50 
17.02 


Washed 

dust 
Per  cent 


51. II 
31.02 


The  braunite  is  especially  valuable  because  iron  oxide  is 
almost  entirely  lacking  as  well  as  calcium  carbonate,  thus  allow- 
ing the  production  of  a  purer  color.  The  material  is  particu- 
larly valuable  for  the  glass  industry,  since  on  decolorizing  the 
glass  no  disturbing  effects  are  produced,  and  only  a  slight  quan- 
tity is  necessary  for  this  purpose. 


Notes  on  the  Composition  of  Brown  Slip  Glazes 


Albbkt  Blbiningbii,  B.8c.,  Trahslatok 

The  stoneware  industry  in  many  districts  makes  extensive 
use  of  very  fusible  clays  for  producing  on  fire-clays  extremely  dur- 
able glazes,  free  from  poisonous  metals.  In  part  these  are  ma- 
terials of  an  ochre-like  or  marly  character,  and  are  partly  fer- 
ruginous clays,  which  are  freed  from  coarse  impurities  and 
sand,  if  necessary,  by  washing  and  sieving,  and  are  applied  on 
the  objects  to  be  glazed,  which  are  in  the  semi-dry  condition, 
by  dipping,  pouring  or  brushing.  The  so-called  '^Bunzlau 
pottery''  which  is  manufactured  in  many  districts  of  mid- 
dle Germany,  in  the  Lausitz,  in  the  kingdom  and  in  the 
province  of  Saxony,  and  in  Bohemia,  is  an  excellent  type 
of  this  class  of  ware,  using  a  very  beautiful  yellowish  brown 
slip  glaze  which  is  extremely  durable,  and  is  applied  as  de- 
29 
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scribed  above.  Such  slip  glazes  are  used  extensively  also  in 
the  glazing  of  water  and  sewer  pipe,  for  agricultural  purposes 
and  chemical  factories,  and  to  a  slight  extent  also  for  architec- 
tural ornaments.  The  use  of  clay  glazes  always  presupposes  the 
use  of  a  rather  refractory  clay  for  a  body,  since  the  temperature 
required  for  melting  the  glazes  (banning  or  complete  white 
heat)  is  much  higher  than  that  for  lead  glazes. 

The  materials  suited  for  the  glaze  are  by  no  means  rare, 
and  a  great  number  of  brick  clays  are  used  either  directly  or 
compounded  with  cheap  fluxes.  For  this  purpose  there  are 
added  to  the  washed  glaze,  calcareous  materials,  chalk,  marl,  or 
solutions  of  potash,  soda  or  salt ;  or  again  the  fusion  of  the  glaze 
is  promoted  at  the  end  of  the  bum  by  throwing  salt  into  the 
kiln  or  furnace,  as  is  being  practiced  in  the  manufacture  of 
pipes. 

But  not  always  will  such  additions  suffice  to  produce  a  suit- 
able glaze,  for  though  they  lower  the  melting-point  they  at  the 
same  time  change  the  color  to  an  undesirable  extent,  and  the 
intended  pleasant  yellowish  brown  glaze  is  changed  to  one  that 
is  translucent  or  transparent  dark  gray  to  yellowish  green, 
which  crazes  easily. 

The  clays  used  for  brown  glazes  contain  both  iron  and  lime ; 
at  a  low  heat  they  assume  a  red  color  which  continues  to  become 
darker  brown  or  blackish  brown  with  increasing  temperatures. 
On  softening  they  first  form  an  opaque  black,  later  on  a  black- 
ish green,  translucent,  obsidian-like  glass,  which,  on  cooling  in 
an  atmosphere  containing  oxygen,  is  coated  with  a  faint  yellow- 
ish brown  to  bright  red  skin,  very  probably  segr^[ated  oxide 
of  iron. 

The  fusibility  of  the  slip  glazes,  as  of  glasses  and  glazes  in 
general,  is  dependent  on  the  proportion  of  fluxes  (lime,  magnesia, 
alkalies,  oxide  of  iron)  to  silica  and  alumina ;  the  color  is  a  func- 
tion of  the  iron  content  and  perhaps  also  of  the  ratio  between  it 
and  the  other  fluxes,  since  it  is  known  that  on  adding  fluxes  to 
the  glaze  the  latter  loses  its  property  of  becoming  coated  with 
the  brown  surface  color  so  desired  on  cooling  and  also  changes 
to  an  opaque  black  or  translucent  green  glass. 
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In  order  to  collect  some  information  in  regard  to  the  com- 
position of  these  glazes,  three  of  these  washed  clays,  often  used 
for  this  purpose,  were  analyzed  : 

First,  the  slip  clay  from  Naumburg,  which  is  often  used  in 
the  Lausitz,  and  especially  at  Bunzlau  for  the  manufacture  of 
the  well-known  brown  cooking  ware  and  sewer  pipe  ; 

Second,  the  slip  clay  from  Camenz,  likewise  used  for  brown 
cooking  ware ; 

Third,  a  glaze  from  the  sewer-pipe  works  at  Dommitzsch. 

The  chemical  analyses  of  these  slip  clays  gave  the  follow- 
ing compositions : 


Glaze  from 

Naumburg 
Per  cent 

Camens 
Per  cent 

Dommitzsch 
Per  cent 

Silica 

58.99 

64.49 

62.40 

Alumina 

11.73 

14.35 

15.51 

Oxide  of  iron 

4.16 

4.38 

5.68 

Lime  -           -           -            - 

7.47 

4.13 

4.86 

Magnesia  - 

1.83 

1.53 

1. 13 

Alkalies 

4.83 

3.69 

3.62 

Carbon  dioxide    - 

6.19 

3.12 

2.88 

Chemically  combined  water 
and  organic  substance 

4.80 

4.31 

4.41 

The  examination  in  regard  to  the  mineral  constituents  of 
the  slip  clay,  by  means  of  the  so-called  rational  analysis,  which 
is  so  important  for  the  knowledge  and  consideration  of  clayey 
materials,  gave  the  following  compositions : 


Glaze  from 

NaumbuiK 
Per  cent 

Camenz 
Per  cent 

Dommitzsch 
Per  cent 

Fine  quartz  sand 
Feldspathic  residue    - 
Plastic  clay  substance     - 
Calcitun  carbonate     - 

38.89 

17.79 
29.25 

14.07 

34.34 
13.72 

44.85 
7.09 

29.27 

15.98 
48.21 

6.54 

In  order  to  compare  the  relative  fusibilities  of  the  glazes 
with  each  other,  these  three  kinds  of  glaze  slip  were  applied  to 
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the  outer  surface  of  a  small  hollow  cylinder,  6  cm.  high  and 
4  cm.  in  diameter,  the  exterior  surface  being  divided 
into  three  equal  areas ;  the  glaze  was  applied  by  means  of  a 
brush.  In  the  interior  of  the  cylinder  there  were  placed  three 
tetrahedra  formed  from  the  same  materials,  3  cm.  high,  and  with 
an  edge  of  I'cm.  at  the  base.  For  comparison  a  like  pyramid  of 
powdered  Norwegian  feldspar  was  placed  in  it,  the  whole  being 
heated  on  a  small  plate  of  refractory  clay  in  a  fire-clay  saggar  to 
the  melting-point  of  pure  gold,  that  is,  about  1200^.  In 
this  test  the  Naumburg  glaze  proved  to  be  by  far  the  most 
fusible  one;  this  glaze  had  become  a  thin  liquid,  transparent,  very 
glossy,  greenish  brown  in  color  and  had  run  o£F  at  the  lower 
edge  of  the  trial  piece.  The  pyramid  trial  had  spread  upon  the 
plate  as  a  blackish  green,  dense  glass,  nearly  free  from  bubbles. 
The  next  in  fusibility  was  the  glaze  from  Camenz ;  this  glaze 
was  olive-brown,  not  transparent  but  very  glossy,  and  had  by 
no  means  run  o£F;  finally  the  glaze  from  Dommitzsch  was 
opaque,  blackish  brown  with  but  little  gloss  and  showing  on 
the  surface  the  streaks  caused  by  the  application  with  a  brush. 
The  pyramid  trials  of  the  last  two  were  found  to  be  blackish 
brown,  shapeless  masses  of  slag,  full  of  large  blisters.  The 
feldspar  showed  only  indications  of  fusion  ;  the  pyramid  formed 
from  it  had  shrunk,  but  retained  its  sharp  edges  perfectly  and 
had  become  a  dense  translucent  porcelain-like  mass  with  a 
slight  exterior  gloss. 

Seeking  for  a  numerical  expression  of  the  fusibilities  from 
the  results  of  the  gross  analyses,  according  to  the  principles 
which  I  have  laid  down,'  a  result  is  obtained  which  coincides 
very  closely  with  the  practical  experiment  This  principle  is 
permissible  in  this  case  since  here,  unlike  in  clay,  all  the 
constituents  really  are  transformed  to  a  single  glass-like  com- 
pound. 

Calculating  the  proportion  of  the  fluxes  (RO)  to  the 
alumina  and  silica  the  following  values  are  obtained : 


'  See  Seger :  "  Ueber  den  Einflnss  der  naeheren  Bestaadteile  des  Thones  anf 
die  SchmelzlMrkeit"    Thonindastrie  Zeitniiff,  i,  996  (1877)- 
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Refractory 
quodent 

(Scger) 

Glaze  from  Naumburg  RO  :  0.40  Al.O^  :  2.30  SiO,  =  0.47 

Glaze  from  Camenz  RO  :  0.68  Al.O,  :  3.53  SiO,  =  0.81 

Glaze  from  Dommitzsch  RO  :  0.80  Al.O,  :  3.15  SiO.  =  0.86 

Glaze  from  Feldspar'  RO  :  i.oi  Alfi^  :  3.86  SiO,  =  1.26 

It  is  seen  that  the  figures  theoretically  deduced,  coincide 
throughout  with  the  practical  test,  and  that  the  smaller  values 
actually  correspond  to  a  greater  fusibility. 

According  to  the  method  of  calculation  of  Bischof  the  nu- 
merical values  would  be : 

Refractory  qvoCiettt 
(BiMliof) 

Glaze  from  Naumbtug  ...  2.30 

Glaze  from  Camenz  ....  3.^3 

Glaze  from  Dommitzsch         -  -  3.15 

Glaze  from  Feldspar         ....  3.36 

which  do  not  agree  with  the  practical  test 


Note  on  Glazes  Free  from  Lead 


ALBBKT  BLBOflNOBR,  B.SC.,  TXAMBLATOK 

It  is  a  well-known  fact  that  the  white  ware  and  the  earthen- 
ware industries,  as  well  as  allied  branches,  have  used  up  to  the 
present  time  exclusively  such  glazes  which  contain  lead  oxide 


■  The  Norwegian  feldspar  used,  from  the  Royal  Porcelain  Factory  at  Chariot- 
tenhmv,  had  the  following  compoBition : 

Percent. 

Silica             .....  64.98 

Alumina               .....  i^iS 

Iron  oxide     .....  0.33 

Magnesia             .....  q.^ 

Potash           .....  13.^ 

Soda       ----..  a.32 

1/MB  on  heating          ....  0.48 

100.33 
From  this  there  is  calculated  the  formula 

RO  :  I.OI  AlaOj  :  3.86  SiOe. 
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as  the  only  or  partial  flux,  while  our  porcelain  industry  employs 
glazes  which  contain  as  fluxes  only  the  alkaline  earths,  alkalies 
and  alumina,  and  thus  are  free  from  lead. 

Protests  have  repeatedly  been  raised  against  the  use  of  lead 
glazes.  It  has  been  pointed  out  that  the  lead  glazes  of  the  pot- 
ters, which  are  simply  made  by  fusing  a  mixture  of  lead  oxide, 
sand  or  clay  on  the  surface  of  the  ware,  easily  lose  their  lead 
oxide  to  fatty  or  acid  liquids,  and,  owing  to  the  poisonous  prop- 
erty of  the  lead,  could  do  injury  to  the  health  of  the  public. 
This  is,  however,  not  always  the  case,  but  applies  essentially 
only  to  common  earthenware  and  partly  to  white  ware,  for  which 
the  glazes  are,  as  a  rule,  first  fritted  in  order  to  render  the  lead 
oxide  more  stable.  This  danger  could  be  removed  in  many 
cases  by  careful  preparation  of  the  glaze  and  hard  burning. 
There  always  remains,  nevertheless,  some  danger  for  the  work- 
men who  manipulate  lead  glazes.  The  operatives  who  ap- 
ply and  brush  off  the  glazes  breathe  the  dust  containing  the 
lead,  take  it  up  in  their  clothes,  and  have  it  deposited  on  their 
skin.  In  larger  factories  suitable  provisions  for  cleaning,  ven- 
tilating, and  washing  are  made,  and  are  very  beneficial,  but  fre- 
quently in  smaller  establishments  all  precautions  are  entirely 
disregarded  or  are  difficult  to  introduce. 

I  have  now  been  engaged  for  many  years  in  trying  to  do 
away  with  the  poisonous  lead  oxide  as  a  glaze  material  as  much 
as  possible,  and  have  endeavored  to  bring  the  question  nearer 
solution  by  suggesting  the  use  of  barium  in  glazes  in  place  of 
lead.  I  have  made  practical  propositions  for  the  use  of  such 
glazes,  have  used  such  glazes  in  my  own  work  and  have  agitated 
their  use  publicly. 

I  do  not  deny  that  the  production  of  barium  glazes  which 
for  practical  purposes  can  be  made  only  with  heavy  spar  is 
more  or  less  difficult  for  the  manufacturer  who  is  not  a  chemist, 
and  failures  may  result.  For  this  reason  I  have  attempted  the 
solution  of  this  problem  in  another  way,  and  have  followed  the 
porcelain  glazes,  glazes  high  in  alumina  which  as  fluxes  contain 
alkalies  and  lime,  whose  fusibility  is  increased  by  the  partial 
substitution  of  silica  by  boric  acid.     It  is  thus  seen  that  with 


•  4 
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the  exception  of  the  lead  oxide  there  are  present  practically  the 
same  substances  which  in  greater  or  smaller  quantities  make  up 
the  ordinary  glazes.  In  my  experiments,  however,  the  main 
consideration  was  the  maximum  and  minimum  amount  of  the 
substances  admissible  in  the  glazes  in  order  to  produce  good, 
smooth,  and  transparent  coatings  of  glass  on  the  body  at  the  tem- 
perature of  the  ordinary  white  ware  glost-burn.  The  lead  oxide 
without  doubt  is  the  metallic  oxide  most  suited  for  the  produc- 
tion of  glazes.  Its  insolubility  in  water  which  permits  of  its 
use  in  the  free  condition,  the  instability  of  its  compounds,  espe- 
cially of  the  carbonates  and  sulphates,  its  fusibility  and  the  fusi- 
bility of  its  silicates,  the  variety  of  proportions  in  which  it  can 
enter  into  glazes,  producing  nearly  always  clear  glazes,  the  gloss 
and  high  index  of  refraction  as  well  as  the  beauty  of  the  colored 
lead  glasses,  are  properties  which  no  other  metallic  oxide  can 
attain ;  these  are  all  reasons  why  lead  oxide  is  so  suitable  as  a 
glaze  material.  The  only  fault  it  possesses  is  the  poisonous 
character  of  its  compounds  which  endangers  the  consumer  as 
well  as  the  workman.  If  I  now  make  the  attempt  to  replace 
lead  glazes  by  lime-alumina  glazes,  I  do  not  assert  that  this  can 
always  be  done.  The  lead  glazes  will  still  be  necessary  in  all 
the  branches  in  which  the  pottery  requires  an  artistic  treatment. 
However,  the  substitution  will  be  possible  in  the  glazing  of  white 
ware,  also  of  ordinary  earthenware,  that  is,  for  plain  colored  or 
light  white  ware,as  well  as  that  decorated  with  underglaze  colors 
of  the  most  various  kinds.  At  this  point  I  wish  to  call  atten. 
tion  to  the  fact  that  the  pottery  coated  with  a  glaze  free  from 
lead  assumes  a  different  character  entirely ;  it  loses  the  gloss 
peculiar  to  lead  glazes  and  assumes  more  the  character  of  the 
porcelain  glazes.  In  how  far  this  may  injure  or  benefit  the 
industry  commercially,  I  shall  not  venture  to  say.  But  I  believe 
that  this  question  will  not  offer  an  obstacle  to  the  use  of  glazes 
free  from  lead. 

Oxide  of  lead  as  such,  litharge  or  carbonate  of  lead  (white 
lead),  can  always  be  added  to  a  glaze  mixture,  without  injury, 
since  it  itself  becomes  liquid,always  fusing  readily  to  a  clear  glass 
which  covers  the  body  or  shows  the  color  applied  under  the 
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glaze.  The  case  is  essentially  different  with  the  lime  glasses. 
The  lime  is  infusible  by  itself,  and  hence  is  dissolved  by  the 
glaze  more  difficultly.  Hence  in  order  to  obtain  solution,  lime 
must  be  added  to  the  glaze  materials  in  small  quantities  and  in 
a  state  of  finest  subdivision.  Again,  lead  oxide  may  be  the  sole 
flux  of  a  glaze,  at  least  other  materials  are  not  necessary  in  ozder 
to  form  a  glaze,  but  we  know  from  the  glass  industry  that  lime 
glasses  are  transparent  only  when  they  contain  also  alkalies  as 
fluxes.  The  composition  of  a  normal  glass  is  always  assumed 
to  be  as  follows : 

::»S°}a-5-3Sio..  or  ::^s^°}.5-3Sio.. 

Similar  proportions  must  be  assumed  for  glazes.  It  would 
not  be  permissible  to  fuse  the  alkali  alone  with  the  silica  as  a 
frit  and  then  to  add  the  lime,  because  the  alkali  silicates  pro- 
duced would  be  dissolved  in  the  water  on  grinding  and  would 
thus  be  taken  from  the  glaze.  It  would  be  difficult  to  give  to 
the  glaze  a  definite  composition  in  this  way.  The  higher  the  frits 
are  in  lime,  the  more  insoluble  will  they  be  in  water  on  grind- 
ing and  the  less  the  danger  of  loss  of  alkali  in  the  grinding  of 
the  frit 

Referring  to  the  experiments  described  in  the  following : 

I  wish  to  state  that  I  have  used  as  alkali,  at  one  time  potash 
and  again  soda,  and  that  I  have  found,  beside  a  slightly  greater 
fusibility  of  the  soda  glasses,  no  difference  in  the  behavior  of  the 
glazes.  However,  I  have  ordinarily  used  both  together  which, 
as  experience  has  shown,  gives  rise  to  a  still  greater  fusibility 
than  when  only  one  of  the  alkalies  is  used.  I  have  also  con- 
sidered only  such  glazes  which  demand  a  finishing  temperature 
below  the  melting-point  of  gold,  because  this  is  the  highest  heat 
which  is  required  for  ordinary  earthenware  and  white  ware  glazes. 

I  have  proceeded  in  my  experiments  quite  systematically, 
and  have  first  worked  with  the  highest  content  of  alkali  which 
may  be  attained  without  an  appreciable  solution  of  the  frits  on 
grinding  and  have  increased  the  other  constituents,  alumina, 
silica  and  boric  acid,  in  varying  proportions.      Then  I  have 
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lowered  the  alkali  content  of  the  glazes  but  have  increased  the 
proportion  of  lime  and  observed  how  the  glazes  were  affected  by 
this  change  as  well  as  by  changing  the  fixed  constituents, 
alumina  and  silica. 

I.  OlasM  and  frits  of  the  composition 

a6  K.0  (Na.O)|         JO  o 

0.4  CaO  J    ^        a)     o    .   3 

Three  frits  were  used  for  the  production  of  this  series : 

1.  A  lime  frit  made  from 

Parts 

0.6  eqtuvalent  potassimn  nitrate      -           -  60.60 

0.4  equivalent  calcium  carbonate  (marble)  -     20.00 

2.5  equivalents  ground  quartz  sand             -  75*oo 

0.5  equivalent  boric  acid,  hydrous         -  -     31.00 

186.00 
After  the  expulsion  of  water  and  carbon  dioxide,  there  remained 
of  this  frit  131.9  parts  by  weight 

2.  A  potash-€oda  frit  made  from 

0.3    equivalent  potassium  nitrate    -           -  30.30 

0.25  equivalent  borax     ....  47.75 

0.05  equivalent  enameling  soda       -  2.65 

0.40  equivalent  marble   ....  20.00 

2.50  equivalents  ground  quartz        -           -  75.00 

175.70 
of  which  127.10  parts  remain  after  ignition. 

3.  A  soda  frit  made  from 

0.6  equivalent  enameling  soda         -  -  31.80 

0.4  equivalent  marble     ....  20.00 

2.5  equivalent  ground  quartz  -  75.00 

0.5  equivalents  boric  acid,  hydrous       -  -  31.00 

157.80 
of  which  122.30  parts  remain  after  ignition. 

All  these  frits  showed  a  similar  behavior  since  they  have  a 

similar  composition  except  for  the  fluctuations  in  the  proportions 

of  soda  and  potash.     They  fused  at  a  temperature  below  the 

fusing-point  of  pure  silver,  and  became  clear  colorless  glasses  at 

a  temperature  a  little  above  the  melting-point  of  gold.     These 

were  ground,  according  to  their  equivalent  proportions  (131.9, 

127.1  and  122.3),  ^^  one-tenth  of  an  equivalent  of  pure  clay 
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substance,  12.95  parts  (Zettlitz  kaolin),  so  that  a  glaze  was  formed 
of  the  composition 

o.6KO(NaP)l 

0.4  C^O  r'  ^^A'  ^-7  SiO.,  0.5  B.O,. 

This  glaze  melted  at  from  silver  melting  heat  up  to  the  tem- 
perature of  fusion  of  an  alloy,  80  parts  silver  and  20  parts  gold, 
to  a  clear  and  smooth  coating  of  glaze,  and  was  found  to  be  less 
injurious  to  underglaze  colors  than  most  lead  glazes.  The  glaze  ad- 
hered only  to  a  hard-burned  body,  very  high  in  quartz  (35  clay  sub- 
stance, 5  feldspar,  60  quartz,  burned  between  cone  No.9and  10). 
On  a  body  higher  in  clay  or  burned  softer  the  glaze  crazed  imme- 
diately or  after  a  few  days.  When  the  addition  of  kaolin  to  the 
frit  was  increased  and  in  place  of  0.1  equivalent,  0.2  =  25.9 
parts  of  Zettlitz  kaolin  was  used,  perfectly  bright  and  glossy 
glazes  were  still  produced  on  rapid  cooling ;  on  very  slow  cool- 
ing, in  a  tightly  luted  muffle,  however,  the  glaze  was  at  times 
slightly  dimmed  ;  this  dimming  was  much  more  pronounced  on 
a  further  increase  of  the  clay  substance  to  0.3  equivalent,  or 
38.85  parts.  The  glaze  assumed  an  opalescent  appearance  and 
hence  became  unsuitable  as  a  glaze.  The  crazing  was  decreased 
by  the  addition  of  clay  as  I  have  shown  on  a  previous  occasion. 
The  same  was  true  when  in  the  second  of  the  glazes  used  the 
silica  content  was  increased. 

In  this  series  the  content  of  silica  could  be  increased  to  3.5 
equivalents;  that  is,  beside  0.2  equivalent  =  25.9  parts  of  Zettlitz 
kaolin,  0.6  equivalent  =18  parts  of  quartz,  could  be  added  with- 
out injuring  the  glaze.  This  proportion  of  alkali  to  lime,  and 
this  content  of  alumina  and  silica  must  not  be  exceeded  ;  for  on 
the  one  hand  the  melting-point  is  thus  raised  and  reaches  the 
allowable  maximuln  in  this  composition,  and  on  the  other  hand 
glazes,  containing  much  quartz  not  fritted  in,  do  not  dissolve 
the  latter  and  do  not  fuse  to  a  clear  glass,  but  the  quartz  floats  as 
a  thin  coating  on  the  surface. 

If  the  content  of  alumina  and  silica  is  increased  still  more 
with  a  simultaneous  increase  of  boracic  acid,  the  fritting  must 
be  carried  much  higher  in  order  to  dissolve  the  clay  introduced. 
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But  this  always  produces  more  or  less  opaque  glasses  while,  as 
we  will  see  later,  with  a  low  content  of  alkali  and  high  propor- 
tion of  lime,  the  introduction  of  much  alumina  leads  to  the  pro- 
duction of  clear  and  beautiful  glasses. 

A  glass  of  the  composition 

0.6  (K  0,Na P) )     ,  , ,  ^        ^.^       „  ^ 
0.4  Cab  ^|o.6Aip„5SiO,,iBP3. 

produced  from 

Parts. 

0.30  equivalent  potassium  nitrate    -           -  30.30 

0.25  equivalent  borax      -            -            -            .  47.75 

0.50  equivalent  enameling  soda        -           -  2.65 

0.40  equivalent  marble    -            -            -            -  20.00 

0.60  equivalent  Zettlitz  kaolin         -            -  77.70 

3.8    equivalents  quartz  sand       ...  114.00 

and  fused  to  245.35  parts,  on  rapid  cooling  becomes  slightly 
opalescent,  on  slow  cooling,  however  perfectly  white  and  opaque. 
But  this  opacity  disappears  as  soon  as  the  alumina  content  is 
raised  still  higher  by  an  addition  of  Zettlitz  kaolin.  An  addi- 
tion of  0.2  equivalent,  that  is,  25.9  parts  of  Zettlitz  kaolin  to 
245«35  parts  of  frit,  about  10  per  cent  of  kaolin,  produced  a 
beautiful  glaze  answering  all  requirements,  having  the  compo- 
sition 

0.3  K,0   >! 

0.3  Na.O  V0.8  AIP3,  5.4  SiO,,  I  Bfi^. 

0.4  CaO   ) 

II.  Glazes  and  frits  with  the  alkali-lime  |»roportion  0.5  K,0,  Na,0, 
0.5  CaO,  and  the  same  silica  and  boric  add  content  as  before. 

These  glasses  behaved  essentially  like  the  preceding  series ; 
in  this  series  glazes  were  made  containing  potash  or  soda  or 
both.  For  making  the  glazes,  frits  of  the  following  composi- 
tion were  fused : 


I.  Potash-lime  frit 

0.5  K,0 
0.5  CaO 


|2.5SiO.,  0.5BP3. 
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Flute 

0.5  equivalent  potassitun  nitrate  S0.50 

0.5  equivalent  marble     ....  25.00 

2.5  equivalents  quaitz  sand  -  75.00 

0.5  equivalent  hydrous  boric  acid  31.00 

181.50 
or  after  fusion  130  parts. 

2.  Potash-soda-lime  frit 

as  KNaOl 

asCaO     1^-5  810,0.58.03. 

0.25  equivalent  potassium  nitrate    •  25.25 

0.25  equivalent  borax                                         -  47-75 

0.50  equivalent  marble  25.00 

2.50  equivalents  quarts  sand                             -  75.00 


or  after  fusion  126  ports. 
3.  Soda-lime  frit, 


173.00 


0.5  Na  O)        ^.^  ^  ^ 

4  CaO  r-S  S»0..  as  B.O,. 

0.25  equivalent  enameling  soda  21.20 

0.25  equivalent  IxMraz     ....  47.75 

0.50  equivalent  marble  25.00 

2.50  equivalents  quartz  sand  75-oo 

168.95 

or  after  fusion  122  parts. 

On  grinding  these  frits  together  with  a  i  equivalent  ci  2^tt- 
litz  kaolin  according  to  the  equivalent  amounts  of  130, 126,  and 
122  parts,  0.1  equivalent  of  the  kaolin  being  a  i  (Al.O^,  2SiO,  + 
2H,0)  =  12.95  parts,  there  is  produced  a  glaze  of  the  compo- 
sition 

o.5KO(NaP)]        ^,^  ^.^  ^^ 

oTscLo  r'  ^^A'  ^7  SiO.,  0.5  B.O,. 

This  glaze  likewise  produces  a  perfectly  clear  and  good 
coating  at  a  temperature  of  20  gold,  80  silver  to  50  gold,  50  sil- 
ver, but  this  glaze,  like  the  preceding  ones,  adheres  only  on  a 
body  very  high  in  quartz. 

On  increasing  the  content  of  clay  substance,  taking  for  i 
equivalent  of  frit  (130,  126,  or  122  parts)  0.2  equivalent  or  25.9 
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parts  of  clay,  the  mixture  will  also  produce  a  good  glaze  if 
burned  rapidly,  and  especially  if  cooled  rapidly ;  when  cooled 
slowly  it  becomes  milky. 

With  a  still  greater  addition  of  clay,  0.3  equivalent  =  38.8 
parts  and  more,  the  glaze  becomes  very  cloudy.  The  mixtures 
containing  much  alumina,  and  at  the  same  time  possessing  a 
higher  content  of  boric  acid,  also  behaved  practically  like  the 
corresponding  glazes  of  the  preceding  series  with  a  still  higher 
content  of  alkali.  They  were  melted  at  a  high  heat  (cone  8  to 
10)  in  order  to  bring  the  clay  in  solution  during  the  thin-liquid 
state.  After  fusion  and  cooling  they  were  ground  and  without 
further  addition  applied  as  glazes. 

There  was  fused  a  glaze  of  the  composition 

0.3  K.O  ^ 

0.2  Na.O  V0.5  AI.O3,  5  SiO.,  1  B.O3, 

asCaO  J 

from 

FarU. 

0.3  eqttivalent  feldspar          -  -           -           83.55 

0.2  equivalent  borax       -           -  -           -     38.20 

0.5  equivalent  marble           -  -           -           25.00 

0.2  equivalent  Zettlitz  kaolin    -  -      25.90 

2.8  equivalents  quartz  sand  -  -           -           84.00 

0.6  equivalent  hydrous  boric  acid  -      37.20 

This  glaze  melted  to  a  clear  glass,  but  became  dim  on  slow 
cooling ;  on  the  body  it  fused  to  a  milky  coating.  Howeven 
when  a  still  further  addition  of  Zettlitz  kaolin  was  taken  and 
ground  together  with  it  in  the  mill,  in  the  ratio  of  90  :  10,  there 
was  produced  at  about  gold-melting  heat  a  transparent  layer  of 
glaze  which  did  not  craze  even  on  a  body  high  in  alumina  (50 
per  cent  clay  substance,  5  per  cent  feldspar,  45  per  cent  quartz) 
which  had  been  burned  softer.  The  chemical  formula  of  the 
glaze  is 

0.3  K.O  ^ 

0.2  Na.O  V0.7  AI.O3,  5.4  SiO.,  I  Bfi^. 

0.5  CaO  J 
Similarly  a  glaze  containing  a  still  higher  content  of  alumina, 
incorporated  by  fusion,  of  the  composition, 
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0.3  K.O    ^ 

0.2  Na.O  V0.6  Al.O,,  5  SiO,,  i  8,03, 
0.5  CaO  ) 
and  compounded  from 

Parts 

0.3  equivalent  feldspar          >  S3.55 

0.2  equivalent  borax  -     38.20 

0.5  equivalent  marble  25.00 

0.3  equivalent  Zettlitz  kaolin    -  38.85 

2.6  equivalents  quartz  sand  -  78.00 

0.6  equivalent  hydrous  boric  acid  37.20 

adhered  well  on  a  soft  body  high  in  alumina,  and  even  on  slow 
cooling  formed  a  perfectly  clear  glaze. 

ni.  (Haaset  with  the  alkali-Usie  ntio  of  0.4  (K^O,  Ka,0) :  0.6  CaO 
and  a  tiUca-alnniiaa  ratio  as  before. 

First  a  fiit  was  fused  of  the  composition, 

0.2  K,0  ^ 

0.2  Na.O  y  2.5  SiO.,  0.5  B.O3, 

0.6  CaO   ) 
consisting  of 

0.2  equivalent  potassium  nitrate                    -  20.2 

0.2  equivalent  enameling  soda     •  10.6 

0.6  equivalent  marble             ...  ^0.0 

2.5  equivalents  quartz  sand                      •  -      75*o 

0.5  equivalent  hydrous  boric  acid      -  31.0 

166.8 
being  124.9  P^^^  ^ter  fusion. 

The  mass  was  very  milky  and  dimmed  after  fusion  and 
slow  cooling,  especially  on  the  walls  of  the  crucible,  while  it 
formed  a  clear  glass  in  the  interior. 

Ground  together  with  ai  equivalent  of  Zettlitz  kaolin 
(124.9  -  12.95)  the  glass  produced  a  milky  coating  of  glaze  and 
was  hence  unsuitable  as  a  glaze.  It  was  now  tried  to  remove 
the  milky  dimness  of  the  glaze  by  increasing  the  content  of 
boric  acid.  Against  all  expectations  it  was  found  that  on  in- 
creasing the  content  of  boric  acid  the  dimming  became  more 
and  more  pronounced.  In  other  instances,  to  be  described  later, 
this  also  took  place. 

When  a  frit,  like  the  preceding  one,  was  melted  with  the 
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double  amount  of  boric  acid  a  much  more  intensely  dimmed 
glass  mass  was  obtained. 

For  this  reason  further  attempts  to  produce  glazes  with  frits 
free  from  alumina  or  low  in  it,  were  not  made,  and  only  frits 
with  a  high  content  of  alumina  were  employed  because  these 
proved  more  successful. 

A  glaze  of  the  composition 

0.2  K.O  ^ 

0.2  Nap  I0.3  AI.O3,  4  SiO„  I  Bfl^ 

0.6  CaO   J 

was  found  to  become  dim. 

The  cause  of  the  dimming  was  here  a  too  low  alumina  con- 
tent, for  the  trouble  disappeared  on  increasing  the  alumina. 

The  glaze  became  clear  and  stable  with  a  composition  of 

0.2  Kp  ^ 

0.2  Na,0  V0.6  Aip^,  5  SiO„  i  B^,, 

0.6  CaO   ) 

The  melting-point  of  this  glaze  lies  somewhat  below  gold-melt- 
ing heat ;  it  was  composed  of 

0.2  equivalent  potassium  nitrate  -  -  20.2 

0.2  equivalent  crystallized  borax  -  -     38.2 

0.6  equivalent  marble  -  -  -  30.0 

0.4  equivalent  Zettlitz  kaolin       -  -  -      51.8 

4.2  equivalents  quartz  sand    -  -  -  126.0 

0.6  equivalent  hydrous  boric  acid  -  -      37-2 

Glazes  still  higher  in  alumina,  on  fusing  together  the  above 
frit  with  10  per  cent  of  Zettlitz  kaolin,  were  likewise  satisfac- 
tory and  suitable  for  technical  purposes. 

IV.  Glasses  with  an  alkaUrlime  ratio  of  0.3  K,0  :  0.7  CaO  and  an 
alumina  and  silica  content  as  before. 

The  glasses  free  from  alumina,  of  the  composition 

0.3  KOI        ^.^  ^  ^ 

o.7CaOr-5S>0..o.5B.03, 

were  compounded  and  fused  like  the  preceding  ones,  but  produced 
perfectly  milky  masses,  entirely  unsuitable  as  glaze  frits.  Sim- 
ilarly, mixtures  with  a  low  content  of  clay  were  perfectly  opaque. 
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They  became  clear  only  when  the  addition  of  clay  was  consider- 
able. 

There  was  melted  a  glass  of  the  composition 

a^  KOI 

0.7  Clor^  ^^A'  ^-5  SiO.,  0.5  B.O3, 

from  the  following  constituents : 

O.I  equivalent  feldspar         ...  27.85 

0.2  equivalent  potassium  nitrate  -20.20 

0.7  equivalent  marble           ...  35.00 

1.9  equivalents  quartx  sand  57-oo 

0.5  equivalent  hydnnis  boric  acid    -  31.00 

The  glass  thus  obtained  was  white  and  perfectly  opaquci 
even  on  rapid  cooling. 

Another  glass  was  fused  having  the  composition 

aiKO) 

a;  C^or  3  Al.O,,  2.5  SiO.,  0.5  B.O3, 

from  the  following  constituents : 

0.3  equivalent  feldspar                     -  83.55 

0.7  equivalent  marble     ....  35.00 

0.7  equivalent  quartz  sand    -  21.00 

0.5  equivalent  hydrous  boric  add                     -  31.00 

The  glass  fused  to  a  clear  and  transparent  mass,  but  after 
cooling  became  more  or  less  opaque. 

Still  another  glass  was  melted, 

0.3  KO) 

a7  dor  5  ^^-^3'  ^-5  SiO.,  0.5  B.O3, 

from 

0.3  equivalent  feldspar  83.55 

0.2  equivalent  Zettlitz  kaolin     -  •                 25.90 

0.7  equivalent  marble  35.00 

0.3  equivalent  quartz  sand         -  9.00 

0.5  equivalent  hydrous  boric  acid  -                       31.00 

The  slight  dimming  of  the  glass  now  disappeared ;  there 
was  obtained  a  glass  which  remained  perfectly  clear  on  slow 
cooling  and  also  after  grinding  produced  a  clear  glaze  on  the 
body,  but  it  was  found  that  it  was  not  suitable  as  a  glaze  after 
all.     The  glass  being  applied  in  the  ground  condition,  there 


I. 
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always  appeared  on  top  of  the  glaze  a  transparent,  wrinkled 
coating  which  robbed  the  glaze  of  its  gloss.  This  fault  dis- 
appeared more  and  more  with  an  increasing  content  of  acid. 
The  content  of  acid  in  the  subsequent  experiments  was  fixed  at 
3  equivalents  silica,  i  equivalent  boric  acid,  4  equivalents  silica, 
and  I  equivalent  boric  acid,  5  equivalents  silica,  and  i  equiva- 
lent boric  acid,  maintaining  the  old  relation  of  the  alkalies, 
lime  and  alumina.  In  the  last  two  compositions  the  wrinkled 
skin  on  top  of  the  glaze  disappeared  completely.  In  next 
to  the  last,  however,  a  slight,  in  the  last  a  distinct,  opalescence 
of  the  glass  was  shown.  This  disappeared  entirely  on  increasing 
the  alumina  content  of  the  glaze  still  more  by  grinding  10  per 
cent  of  Zettlitz  kaolin  together  with  the  frit  and  applying  this 
mixture.  The  varying  amounts  of  boric  acid  likewise  exert  a 
considerable  influence  upon  the  transparency  of  the  glass. 

There  were  melted  three  frits : 

a7So}°-5A^A.4SiO.,o.5B.03. 

o.^K01 
^-    o.7C^Or-5^^A.4SiO.,iB.03. 

3-    a7So}°-5AlA»4SiO.,2B,03. 

The  clearing-point  of  these  glasses,  that  is,  the  point  at 
which  they  become  transparent,  is  about  at  cone  No.  9.  Frit 
No.  I  was  found  to  be  a  perfectly  clear  glass,  frit  No.  2  was 
distinctly  opalescent,  and  frit  No.  3  was  completely  dimmed  after 
cooling  so  that  it  was  quite  milky. 

On  grinding  these  with  10  per  cent  of  Zettlitz  kaolin  and 
applying  as  glazes  on  a  white  ware  body,  the  glaze  from  frit 
No.  I  had  not  yet  fused  transparent  at  gold-melting  heat.  No. 
2  produced  a  transparent,  glossy  and  shining  layer,  and  No.  3 
was  still  dimmed  somewhat.  According  to  this  with  an  other- 
wise equal  composition  an  increase  in  the  content  of  boric  acid 
brings  about  a  dimming  of  the  glaze;  on  account  of  the 
maximum  melting-point  of  the  glaze  accepted  it  will  hardly  be 
30 
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possible  to  go  below  i  equivalent  of  boric  acid  to  4  equivalents 
of  silica.  Though  the  glazes  higher  in  boric  acid  are  more 
fusible,  they  are  inclined  to  produce  dimmed  glazes.  The 
alumina  content  of  the  glaze  plays  an  important  r61e  here  as  in 
the  other  glasses. 

The  glaze  frit, 

o.^KO) 

o.7  0:or-^^^A«4SiO,iB.03, 

consisting  of  pu^ 

0.1  equivalent  feldspar         ...  27.85 

0.2  equivalent  potassium  nitrate  -     20.20 

0.7  equivalent  marble           ...  35«oo 

3.4  equivalents  quartz  sand  •    102.00 

i.oequivalent  hydrous  boric  acid    •  62.00 

resulted  in  a  perfectly  milk-white  glass,  opaque  even  in  the  fused 
condition. 

Also  the  frit, 

a7&o}°-3A1.03.4SiO.,iB.03, 

consisting  of 

0.3  equivalent  feldspar         -  83.55 

0.7  equivalent  marble     ....  35.00 

2.2  equivalents  quartz  sand  -  66.00 

i.oequivalent  hydrous  boric  acid  -  62.00 

though   transparent  in   the  hot,   fused  condition,  became  dim 
even  on  quite  rapid  cooling,  and  assumed  a  milky  appearance. 
The  glass,  still  higher  in  alumina,  of  the  composition 

a7So}°-5A»A.4SiO.,iB.03, 

was  better  in  this  respect     It  was  made  up  of 

0.3  equivalent  feldspar  -  -  •  ^3-55 

0.2  equivalent  Zettlitz  kaolin     -  -  -      25.90 

0.7  equivalent  marble  -  -  -  35.00 

1.8  equivalents  quartz  sand  -      54.00 

i.o  equivalent  hydrous  boric  acid  -  -  62.00 

On  slow  cooling  it  showed  but  a  slight  opalescence. 


_j 
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!:7&S}°-6AlA.5SiO.,iB.03. 


A  similar  behavior  was  shown  by  a  frit  of  the  following 
composition,  though  here,  owing  to  the  increased  content  of 
silica,  a  brighter  gloss  was  noticeable : 

0.3  K,0 
0., 

Parts 

0.3  equivalent  feldspar          -  -           -           83.55 

0.3  equivalent  Zettlitz  kaolin      -  -            -      38.55 

0.7  equivalent  marble           -  -            -           35.00 

2.6  equivalents  quartz  sand        -  -            -      78.00 

i.o  equivalent  hydrous  boric  acid  -            -           62.00 

The  two  last  frits,  however,  produced  perfectly  transparent 
and  shining  glazes  when  their  alumina  content  was  increased  by 
an  addition  of  10  per  cent  of  Zettlitz  kaolin  on  grinding,  but 
their  melting-point  was  raised  above  that  of  the  others  discussed 
so  far. 

v.  Glasaes  with  an  alkali-lime  ratio  of 

0.2  K  O  :  0.8  CaO. 

These  behave  practically  like  the  glasses  of  the  preceding 
group. 

These  also,  with  a  composition  of 

°'o  ?'?to.i  Al  O  ,  4SiO.,  I  BO, 
aSCaOj  •  »  '        '   ' 

produce  a  perfectly  opaque  white  glass. 

This  glass,  however,  was  cleared  when  the  alumina  content 
was  raised  to  0.3  and  0.5  Al.O^,  retaining  otherwise  the  same 
composition.  But  the  latter,  as  well  as  a  glass,  with  a  still 
higher  content  of  ^alumina  and  at  the  same  time  an  increased 
silica  content, 

o:8&o}°-^^^-^"5SiO.,iBP3, 

were  dimmed  somewhat  more  strongly  than  the  corresponding 
glasses  of  the  preceding  group.  A  further  addition  Jof  lo  per 
cent  of  Zettlitz  kaolin  removed  this  dimming  completely  in 
using  the  mixture  as  a  glaze.  A  still  further  decrease  in  the 
alkali  content,  however,  did  not  seem  possible ;  when  the  alkali 
was  lowered  to  o.i  K  0 : 0.9  CaO,  there  were  always  obtained 
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white  milky  glasses  which,  of  course,  were  unsuitable  for  gla- 
zing, because  they  did  not  produce  a  transparent  layer. 

Collecting  the  results  of  this  investigation,  it  is  seen  that  the 
iise  of  alkali-lime  glazes  is  confined  to  much  more  narrow 
limits  than  the  application  of  the  lead  glazes,  and  that  much 
more  care  is  necessary  in  their  preparation  in  order  that  their 
composition  may  correspond  to  definite  conditions.  Yet  it  will 
be  possible  to  replace  a  large  number  of  lead  glazes  by  such, 
free  from  this  metallic  oxide,  containing  lime.  The  greatest 
fluctuations  are  permissible  in  the  ratio  between  lime  and  alka- 
lies, and  it  seems  of  no  moment  which  of  the  usual  alkalies, 
potash  or  soda,  is  used.  The  proportions  permissible  lie  here 
between  a  content  of  0.2  equivalent  potash  or  soda  to  a8 
equivalent  of  lime,  and  0.6  equivalent  of  potash  or  soda  to  a 4 
equivalent  of  lime.  The  difEerent  behavior  of  the  glazes,  high  or 
low  in  alkali  with  respect  to  the  body  is,  that  glazes  high  in 
alkali  are  better  suited  for  bodies  containing  much  quartz,  while 
those  low  in  alkali  are  more  suitable  for  a  high  alumina  body. 

The  greatest  peculiarity  of  lime  glazes  is  the  necessity  of 
a  very  high  content  of  alumina ;  without  this,  excepting  the 
glazes  corresponding  in  composition  to  ordinary  glass,  which, 
however,  can  be  used  only  on  a  limited  class  of  bodies,  owing  to 
the  pronounced  crazing  on  bodies  high  in  alumina,  dim  and 
milky  glasses  will  always  be  obtained.  This  will  be  true  in  a 
higher  degree  the  greater  the  silica  content  is  at  the  same  time. 
A  silica  content  of  4  equivalents  will  always  be  necessary  in 
order  to  produce  glazes  possessing  the  required  gloss.  They  re- 
quire an  alumina  content  of  at  least  0.5  equivalent.  Expressed 
in  percentage,  this  means  that  the  glaze  frit  highest  in  lime, 

0.2  KOI 

0.8  C^Or-5  AI.O3'  4  SiO„  I  8,03, 

compounded  with  10  per  cent  of  the  Zettlitz  kaolin,  requires  in 

the  glaze  an  alumina  content  of  14.8  per  cent,  while  the  frit 

highest  in  alkali 

0.3  K.O  >! 

0.3  Na.O  V0.5  A1,0„  4  SiO„  I  B,0„ 
0.4  CaO   ) 
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with  an  addition  of  10  per  cent  of  Zettlitz  kaolin,  an  alumina 
content  of  14.6  per  cent.  This  would  represent  the  minimum 
at  all  permissible.  It  has  so  far  been  believed  that  the  alumina 
always  tends  to  make  glasses  more  dim  and  milky,  and  it  has 
been  considered  risky  to  raise  the  alumina  content  so  high. 
With  lead  glazes  this  seems  indeed  to  be  the  case.  This  assump- 
tion is  entirely  incorrect,  at  least  for  the  alkali-lime  glasses. 
These,  in  fact,  require  a  high  content  of  alumina  in  order  to 
produce  transparent  glasses  at  all  on  slow  cooling ;  without  it 
they  become  opaque.  In  the  lead  glasses  hitherto  used,  the  alu- 
mina hardly  exceeded  half  the  amount  absolutely  necessary  for 
the  lime  glasses. 

The  content  of  silica  in  the  lime-alumina  glazes  is  likewise 
variable  only  within  narrow  limits.  It  is  not  permissible  to  go 
below  4  equivalents  nor  to  exceed  5  equivalents.  A  lower  con- 
tent of  silica  changes  the  gloss  of  the  glazes  in  a  remarkable 
manner,  a  higher  makes  them  difficultly  fusible  and  at  the  same 
time  makes  necessary  an  additional  increase  in  the  alumina  con- 
tent. The  content  of  boric  acid  must  also  not  vary  much.  A 
boric  acid  content  of  0.5  equivalent  will  be  the  lowest  that  can 
be  used  in  order  to  keep  the  glazes  from  being  too  difficultly 
fusible,  but  a  content  of  i  equivalent  must  not  be  exceeded  to  any 
extent  owing  to  the  tendency  of  the  glazes  to  become  milky. 
Hence  it  will  be  necessary  in  working  with  lime-alumina  glazes 
to  keep  the  frits  to  be  used  within  the  limits 


and 


:^^?'^'-°)}a5A..O.,a4SiO.,.5B.O, 


if  it  is  not  permissible  to  exceed  the  melting-point  of  gold,  in 
order  to  insure  success.  One  obstacle  to  the  use  of  lime-alumina 
white  ware  glazes,  to  which  I  desire  to  call  attention,  is  the  high 
melting-point  of  the  frits  which  makes  it  necessary  to  melt 
them  at  the  highest  temperature  of  the  biscuit  bums  ;  and  also, 
in  my  opinion,  the  fact  that  the  frit  kilns  hitherto  employed 
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(which  empty  themselves)  cannot  be  used,  since  the  high  alumina 
frits  are  very  toughly  viscous,  and  hence  are  not  inclined  to 
run  freely.  In  this  respect  a  remedy  could  be  found,  however, 
by  transferring  the  manufacture  of  the  frits  to  separate  estab- 
lishments, where  this  is  made  a  special  business,  as  is  done  for 
the  manufacture  of  white  ware  in  England.  In  that  country 
many  potteries  work  entirely  and  advantageously  with  glazes 
which  are  produced  on  a  large  scale  in  other  factories. 


Persian  Faience 


Albert  BLsximroBK,  B.Sc.,  Translator 

In  the  collection  of  Persian  art  products  which  was  made 
by  the  traveler.  Dr.  Ribbeck,  and  which  was  in  1884  exhibited 
in  the  art  trade  museum  at  Berlin,  there  was  also  a  rich  assort- 
ment of  faience  pieces.  These  were  instructive  in  so  fair  as  they 
represent  all  the  stages  of  manufacture  and  the  manner  in  which 
they  were  made,  by  showing  some  of  the  products  in  the  partly 
finished  condition.  A  collection  of  these  products  has  been 
placed  at  the  disposal  of  the  Royal  Porcelain  Factory,  and  some 
of  the  readers  might  be  interested  to  obtain  some  information  in 
regard  to  the  raw  materials  used.  The  products  consist  of 
painted  plates,  jugs,  pots,  bottles,  and  candlesticks,  as  well  as 
several  painted  building  ornaments.  Beside  a  few  undecorated 
pots  of  a  nearly  white  color,  covered  only  with  a  colorless  badly 
crazed  lead  glaze,  presumably  utensils  for  ordinary  use,  there  are 
exhibited  richly  decorated  pottery  and  building  ornaments  all 
of  them  executed  in  the  same  technique.  They  are  made  from 
a  red  burning  clay  covered  with  a  white  engobe  which  is  painted 
in  two  blue  shades  with  the  oxides  of  cobalt  and  copper,  the 
figures  being  leaf  ornaments ;  the  latter  are  covered  with  a  mag- 
nificent turquoise-blue  and  a  white  transparent  glaze  which  give 
to  the  articles  a  peculiar  rough  and  a  semi-glossy  appearance. 

The  vessels  are  rather  roughly  turned  by  hand  on  the  wheel, 
but  their  shapes  possess  a  certain  elegance.      The  white  un- 
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decorated  pots,  which  I  have  already  mentioned  above,  seem  to 
have  been  molded  in  rather  rough  molds,  probably  of  burned 
clay,  as  is  indicated  by  the  seams  shown.  The  red  burning  body 
is  composed  of  a  dark  brown  clay  rather  impure  and  poorly 
worked,  and  containing  large  grains  of  sand  and  a  few  pieces  of 
marl.     The  body  consists  of 

Per  cent 

Clay  substance          -            •           -            -  66.82 

Calcium  carbonate           -                        -  -       2.50 

Sand  ------  22.02 

Peldspathic  residue         .            .           .  .       3.66 

The  body  is  covered  with  a  white  engobe  which  is  applied 
to  the  raw,  unbumed  piece.  It  is  not  finely  powdered,  and  the 
grain  may  be  seen  and  felt  by  rubbing  with  the  hand.  It  covers 
the  body  smoothly  and  uniformly  in  a  thickness  of  about  0.5  to 
I  mm.  The  finest  powder  seems  to  have  been  removed  by  siev- 
ing or  washing,  for  on  being  scraped  off  the  body  it  produces  a 
powder  free  from  dust,  but  still  consisting  of  very  fine  grains. 

Owing  to  this  condition  it  absorbs  the  colors  which  are  ap- 
plied very  strongly  and  very  uniformly.  This  seems  to  me  to 
be  an  important  point  for  such  products,  and  to  be  well  worth 
imitating.  The  engobe  powder,  however,  would  be  removed 
very  easily  on  touching  and  handling,  because  the  sandy  powder 
does  not  adhere  firmly  to  the  body ;  for  this  reason  it  is  made 
up  with  an  apparently  large  quantity  of  a  vegetable  mucilage 
which  permits  of  handling  the  pottery  and  even  of  rubbing  it 
strongly  without  injury.  The  engobe  is  very  fusible ;  at  sil- 
ver-melting heat  it  becomes  translucent,  sinters  together  strongly, 
cracks  and  shells  off.  At  a  lower  temperature  corresponding 
about  to  our  ordinary  muffle  heat,  at  about  700°,  however,  it 
adheres  firmly  to  the  body  owing  to  incipient  vitrification  and 
becomes  moderately  dense.     Its  composition  is  as  follows : 

Per  cent 

Silica              -            -            -            -           -  79.05 

Aliunina  ------  2.83 

Iron  oxide      -----  0.21 

Lime         ------  3.39 

Barium            -----  trace 

Soda         ------  10.82 

I/>ss  on  heating        -           .           .           .  4.31 

100.60 
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Thelosson  heating,  due  to  organic,  easily  burned,  substances, 
is  to  be  ascribed  for  the  largest  part  to  the  organic  mucilage 
mixed  with  the  engobe,  perhaps  also  to  a  small  addition  of  clay ; 
otherwise  the  engobe  apparently  consists  of  a  mixture  of  quartz 
sand  and  glass  powder.  Considering  the  lime  and  the  alkalies 
which  are  contained  in  it  in  the  insoluble  condition  as  being  con- 
stituents of  a  glass  and  assuming  this  to  be  an  average  two-and- 
a-half-fold  silicate  we  will  have  to  allow  35.27  per  cent  of  the 
silica  content  for  the  formation  of  this  silicate,  and  the  total 
amount  of  the  glass  powder  would  thus  amount  to  49.48  per 
cent  or  approximately  one-half.  The  layer  of  glaze  is  applied 
over  the  color  which  is  painted  upon  the  engobe  in  the  raw 
condition;  it  could  not  be  examined  since  none  of  the  un- 
burned  substance  rubbed  from  the  vessels  was  available,  but  only 
the  fused  glaze  in  a  very  thin  coating  from  which  nothing  could 
be  removed  by  grinding.  However  it  was  possible  for  me  to 
obtain  some  of  the  very  beautiful  opaque  glaze  on  one  of  the 
building  ornaments  by  grinding,  which  will  give  a  basis  for  the 
glazes  used  on  such  products. 

It  had  the  following  composition : 

Per  cent 

Silica  ....  -  43.67 

Alumina  -  -  -  -  -  -       2.84 

Iron  oxide      -----  0.005 

Lead  oxide  -----  25.51 

Tin  oxide       -  -  -  -  10.29 

Copper  oxide       -  -  -  -  -       4.96 

Lime  ------  0.79 

Magnesia  -  -  -  0.17 

Soda  ------  8.62 

Potash      ------       3.74 

100.955 
Considering  the  alkalies,  the  alkaline  earths  and  the  me- 
tallic oxides  as  the  fluxes  of  a  glass,  but  the  oxide  of  tin  as  an 
acid  replacing  the  silica,  the  glaze  has  nearly  the  composition 
of  a  bisilicate,  for  the  proportion  is  calculated  as  follows : 

Flux  :  Alumina  :  Silica  :  Oxide  of  tin 
I  0.073     :    1. 812   :        0.183 

1.995 
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The  slight  content  of  alumina  is  probably  only  an  unintentional 
impurity. 

The  same  glaze  can  be  compounded  from  the  following 
substances : 

Parts 

Quartz     ------  44 

Lead  and  tin  ash      -            -            -            -  -      36 

Copper  oxide      -----  5 

Calcined  soda            -            -            -            -  -      12 

Saltpeter 8 

The  ash  required  is  obtained  by  calcining  24  parts  of  metal- 
lic lead  and  8  parts  of  metallic  tin.  A  glaze  made  according  to 
this  composition  possessed  exactly  the  same  color  and  properties 
as  the  original  Persian  glaze.  In  the  above  glaze  the  amount  of 
the  alkalies  to  the  lead  oxide  is  as  0.35  is  to  0.39 ;  that  is,  almost 
the  same.  Now  melting  together  lead  oxide,  soda,  and  quartz 
in  the  proportion  of  equal  basic  equivalents  (that  is,  lead  oxide, 
I II. 5  parts,  calcined  soda,  53  parts,  and  sand,  120  parts),  a  glass 
is  obtained  which  becomes  liquid  at  a  very  low  temperature.  It 
is  very  easy  to  fuse  to  a  smooth  and  transparent  glaze  already 
at  muffle  heat,  700°.  Samples  of  Persian  plates  which  were  at 
my  disposal  in  the  painted  but  unglazed  condition,  on  being 
coated  in  the  raw  condition  with  this  glaze  resulted  in  products 
which  were  exactly  equal  to  the  original,  showing  the  same 
rough  semi-glossy  surface. 

It  is  far  from  my  intention  to  recommend  to  oty:  industry 
the  production  of  such  wares;  the  pottery  in  the  techniques 
peculiar  to  us  is  much  more  durable  and  much  better ;  such 
decorated  building  ornaments  might  prove  suitable  and  give 
rise  to  fine  efiEects  in  the  decoration  of  mosques  and  temples 
under  an  oriental  sky,  but  in  our  northern  climate  they  would 
not  withstand  the  frosts  of  a  single  winter.  Yet  it  is  of  some 
interest  to  follow  up  those  techniques  and  to  trace  those  methods 
of  manufacture  which  from  the  purely  technical  standpoint  we 
must  r^ard  as  being  behind  the  requirements  of  our  times. 


Clay  Mosaics 

ALBMBT  BLKINIlfOBm,  B.8C.,  TftAJfSLATOK 

At  the  Berlin  Trades  Exposition  there  was  exhibited  a  new 
art  industry  which  so  far  has  not  been  represented  in  Germany, 
and  owing  to  an  unfavorable  location,  the  same  was  not  made  very 
prominent,  so  that  many  visitors  certainly  passed  the  exhibit 
without  paying  attention  to  it  We  mean  the  mosaics  of  arti- 
ficial stone.  Of  late  years  increased  attention  has  been  paid  to 
mosaic  work  as  an  architectural  decoration,  and  a  number  of 
later  Berlin  buildings  are  witnesses  of  how  they  may  be  used  for 
artistic  purposes ;  we  will  mention  here  only  the  glass  mosaic 
on  the  Victory  column,  the  Pringsheim  building  on  Wilhelm 
street,  the  National  Museum,  and  the  new  railway  hotel  on 
Priedrich  street  So  far  two  kinds  of  mosaics  have  been  dis- 
tinguished, glass  and  stone  mosaics.  In  the  first  the  drawings 
was  brought  out  by  colored  fragments  of  glass.  In  the  latter 
naturally  colored  pieces  of  stone,  especially  of  marble,  were  set 
together  upon  a  surface  corresponding  to  the  shape  of  the  wall 
or  floor  to  be  decorated  and  are  then  held  together  by  pourings 
over  them  a  cement,  like  asphalt,  putty,  plaster  of  Paris,  hydrau- 
lic lime  mortar,  Portland  cement,  and  thus  putting  together  larger 
pieces. 

The  making  of  such  mosaics  is  very  laborious,  and  requires 
great  skill  and,  n^lecting  the  artistic  value,  becomes  very  ex- 
pensive, owing  to  the  manner  of  making  the  mosaic  itself.  The 
chipping  and  grinding  of  the  small  glass  or  marble  prisms  is  a 
very  laborious  and  slow  process,  and  such  decorations  can  hence 
only  be  used  for  artistic  buildings  of  the  highest  class. 

The  new  mosaic  of  artificial  stone,  which  was  exhibited  at 
the  Berlin  Trades  Exposition,  in  a  few  examples  by  Messrs.  Th. 
Holzhueter  and  von  Ratay,  of  Lichterfelde,  is  related  in  r^[ard 
to  the  material  used  to  the  well-known  mosaic  tiles  of  the  Mett- 
lach  factory  of  Villeroy  and  Boch.  Though  the  various  pat- 
terns of  the  latter  products  and  the  variety  of  colors  made  possi- 
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ble  by  them,  together  with  their  indestructibility,  are  an  excellent 
means  of  producing  mosaic-like  effects,  still,  on  the  other 
hand,  the  division  of  the  surface  into  smaller,  square  surfaces, 
and  the  necessary  repetition  of  the  pattern  in  a  definite  rhythm  as 
well  as  the  dependence  of  the  architect  upon  the  stock  of  pat- 
terns possessed  by  the  manufacturer,  are  disadvantages  which 
make  a  really  artistic  use  more  difficult  Messrs.  Holzhueter 
and  von  Ratay,  in  proper  appreciation  of  the  excellent  qualities 
of  the  Mettlach  material,  have  made  the  attempt  to  use  it  in 
place  of  the  fragments  of  glass  or  marble  for  the  production  of 
true  mosaic,  using  small  cubes  of  the  same  colored  clay  bodies 
constituting  the  Mettlach  mosaic  tile,  and  by  their  use  producing 
mosaic  pictures.  These  mosaics  do  not  possess  the  brilliant 
colors  and  the  iridescent  gloss  of  the  glass  mosaic,  but  they  do 
give  rise  when  used  in  the  right  place  to  a  very  charming  means 
of  decoration.  The  clay  cubes  used  are  of  i  cm.  edge,  are  pressed 
in  molds  to  a  sharp-edged  shape  and  are  burned  very  hard.  The 
regular  shape  of  these  mosaics  differing  from  the  material  used 
for  glass  and  stone  mosaic,  causes  chipping  only  occasion- 
ally, exact  fitting  being  thus  facilitated.  The  small  cubes  can  be 
produced  from  the  plastic  mass  comparatively  much  cheaper  than 
in  the  case  of  the  glass  and  stone  mosaic.  These  circumstances 
permit  the  use  of  less  skilled  help  and  lower  the  price  of  mosaic 
very  much  as  compared  with  the  older  methods. 

In  the  small  establishment  for  mosaic  work  which  has  been 
equipped  by  Messrs.  Holzhueter  and  von  Ratay  at  Lichterfelde, 
the  colored  drawings  which  may  also  represent  the  different 
colors  by  numbers  are  spread  upon  a  table  in  the  manner  of  em- 
broidery work,  and  are  covered  by  girls  with  the  colored  clay 
cubes  which,  after  being  enclosed  in  a  suitable  frame,  are  covered 
with  a  layer  of  cement  mortar.  Tiles  are  thus  produced  in  sizes 
up  to  a  square  meter  which  are  joined  together  for  floors  and 
walks,  and  in  which  the  colored  cubes  of  clay  bedded  on  the 
level  surface,  with  very  thin  joints,  represent  a  colored  pattern. 
The  mild  colors  and  the  comparatively  cheap  production  of  such 
mosaics  admit  of  a  more  extensive  use  than  the  glass  mosaic,  es- 
pecially for  floors,  and  for  this  reason  it  has  aroused  the  attention  of 
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architects.  A  piece  of  work  made  by  the  small  artistic  estab- 
lishment at  Lichterfelde,  to  which  we  wish  to  call  the  attention 
of  those  of  our  readers  who  are  interested  in  such  work,  is  the 
floor  of  the  fountain  basin  in  front  of  the  National  Museum  rep- 
resenting waves  and  fish  on  a  blue  background  for  which  the 
drawings  were  made  by  Architect  Strack,  and  which  were  exe- 
cuted by  von  Ratay. 

According  to  inquiries  made  by  us  the  price  of  mosaic  made 
from  artificial  cubes,  amounts  to  from  20  to  60  marks  per  square 
meter,  according  to  the  richness  of  the  design  and  the  number 
of  colors,  while  the  price  of  glass  mosaic  is  two  to  three  times 
as  high. 


III.  ARTICLES  TREATING  OF  REFRACTORY  WARES 


Contributions  to  the  Knowledge  Concerning  the  Proper- 
ties of  Clays 


Otto  Hensgl,  Translator 

In  an  older  article'  I  pointed  out  that,  in  order  to  obtain  a 
knowledge  of  clays  for  technical  purposes,  a  manner  of  investi- 
gating clays  other  than  the  one  now  in  vogue,  is  desirable.  I 
called  special  attention  to  the  investigations  of  clays  carried  on 
so  far,  as  being  of  value  only  from  special  points  of  view,  and  to 
a  large  extent  merely  analytical  exercises  of  very  little  use 
technically.  In  that  article  I  particularly  mentioned  the  mechan- 
ical analysis,  an  analysis  by  elutriation,  as  being  useful,  even  es- 
sential, for  arriving  at  a  knowledge  of  the  material.  It  will 
enable  us  to  draw  conclusions  which  are  impossible  to  obtain 
from  the  simple  chemical  analysis,  and  which  in  most  cases  are 
of  greater  importance  to  the  practical  man  than  the  purely 
analytical  results. 

On  the  study  of  its  physical  properties  and  the  relations  of 
these  to  the  chemical  composition  of  clay  (which  is  called  clay 
because  peculiar  physical  properties  cling  to  it,  but  considering 
the  bulk  of  its  composition  is  not  entitled  to  the  name  in  a 
chemical  sense),  no  scientific  treatise  worth  mentioning  exists. 
Even  Brogniart,  who  attended  most  assiduously  to  the  study  of 
its  physical  properties,  is  evidently  on  unknown  ground  for  he 
is  vague  in  his  definitions  and  is  in  consequence  obliged  to 
append  exceptions  that  cannot  be  explained. 

Some  experiments  along  the  lines  indicated  by  me,  are  in- 
deed before  us.  Such  are  the  labors  of  Malagutti  on  the  change 
of  specific  gravity  in  Sevres  porcelain  during  the  different  stages 

'  ''Deficiencies  in  the  Examination  of  Brick  Clays/'  Notizblait,  (1S71)  No.  4. 
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of  firing,  the  results  of  which  were  confirmed  by  H.  Rose  with 
Berlin  porcelain  ;  the  familiar  work  of  Bischof  and  Richteis  on 
the  connection  between  refractoriness  and  chemical  composition, 
Bischofs  scale  of  plasticity,  detached  notes  on  the  amount  of 
moisture  which  clays,  completely  dried,  are  able  to  absorb  in  an 
atmosphere  saturated  with  aqueous  vapor,  determinations  of  the 
amount  of  silica  that  is  present  in  clay  either  as  combined  silica, 
silica  separated  during  the  process  of  weathering,  or  as  quartz  in- 
capable of  change  by  weathering,  by  Porchhammer,  Presenius, 
Bischof,  and  others;  tests  on  the  extent  of  shrinkage  in  different 
materials  and  for  various  shapes,  conducted  at  Sevres,  and  a 
considerable  collection  of  gross  analyses,  in  part  of  doubtful 
value.  This,  roughly,  is  perhaps  all  that  has  been  done  toward 
investigating  the  properties  of  a  material  so  needful  to  man  as 
clay  is.  Of  all  these,  only  the  researches  of  Bischof  and  Richteis 
have  contributed  to  generalizations,  toward  formulating  laws 
which  may  apply  to  all  materials.  The  others  are  interesting^ 
for  special  cases,  yet  they  do  not,  without  further  supplementary 
observations,  permit  of  general  application.  Prom  the  results 
of  these  labors,  few  in  number,  and  usually  undertaken  for 
special  ends,  it  is  impossible  to  establish  laws. 

If  I  meet  with  difficulties  in  studying  the  connection  that 
surely  exists  between  the  physical  and  chemical  properties,  if  I 
have  been  obliged  even  to  discard  some  current  views  found  in 
our  technical  manuals,  because  balance  and  rule  have  taught  me 
otherwise,  then  it  stands  to  reason  that  some  properties  of  clays 
have  not  received  very  thorough  investigation.  In  the  work  done 
so  far,  for  instance,  there  is  found  nothing  about  the  relation  in 
which  the  porosity  of  the  dried  or  burned  clay  stands  to  the 
amount  of  non-plastic  contents  and  to  its  shrinkage;  nothing 
about  the  force  with  which  the  clay  retains  its  water  during  dry- 
ing ;  nothing  about  the  relation  of  the  fineness  of  grain  of  the 
non-plastic  matter  to  shrinkage,  porosity,  and  the  ability  of  clay 
to  retain  water ;  nothing  about  the  relation  of  the  chemical  con- 
stitution of  the  natural  non-plastic  portion  to  the  plastic  portion  ; 
and  other  considerations  of  this  kind. 

Because  of  this  want  of  data  from  which  to  start,  it  is  ex- 
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tremely  difficult  to  grasp  properly  the  relations  referred  to,  and 
their  investigation  has  only  just  begun.  Furthermore,  these 
problems,  whose  solution  I  have  undertaken  jointly  with  Dr. 
Aron,  present  an  ever-widening  scope  as  we  work  on  them; 
hence,  no  statement  of  the  interesting  results  arrived  at,  need  be 
expected,  till  these  are  in  so  complete  a  form  as  to  be  open  for 
discussion. 

This  much  is  given  as  an  introduction,  to  avoid  giving  the 
impression  that  the  following  publications  on  the  plastic  and  non- 
plastic  components  of  several  clays,  claim  to  treat  the  subject 
exhaustively.  Still,  I  consider  it  expedient  to  give  them  to  the 
public,  since  they  prove  that  the  views  held  thus  far,  concerning 
the  relation  in  a  chemical  sense  between  the  non-plastic  and 
plastic  ingredients  of  a  clay,  are  in  many  instances  not  correct. 

In  all  analyses  so  far  published,  either  no  notice  is  taken  of 
the  natural,  non-plastic  portions  of  the  clay,  generally  designated 
as  '*  sand,"  or  the  clay  is  conceived  as  a  whole,  or  the  sand  has 
been  separated  either  by  elutriation  or  by  chemical  means ;  in 
the  former  case  it  appears  in  the  analysis  simply  as  sand,  in  the 
latter  as  "  silica  as  sand  "  or  "silica  as  quartz." 

Now,  the  term  sand  is  not  chemically  definable,  since  it 
means  merely  a  state  of  aggregation  in  which  every  mineral  may 
appear.  If  the  clay  is  worked  up  in  such  a  manner  as  to  obliter- 
ate its  earthy  character  by  inducing  complete  fusion,  in  how  far 
it  is  then  permissible  to  throw  together  all  the  components,  I 
have  explained  on  a  former  occasion.  As  the  amount  of  sand  is 
very  low  in  the  highly  plastic  clays,  it  may  here  be  considered 
as  silica,  since  this  mineral  resists  weathering  more  than  any 
other,  and  always  predominates,  without  falling  into  a  serious 
error.  It  is  different,  however,  with  those  clays  which  are 
termed  lean,  in  which  the  sand  exceeds  the  clay  substance  in 
amount,  for  a  more  careful  examination  of  this  component  would 
be  required  in  this  case. 

We  know  from  the  excellent  work  of  Richters  on  the  re- 
fractoriness of  clays  that  different  effects  are  produced,  if  (i)  the 
silica  of  the  clay  is  combined  with  other  substances,  or  (2) 
is  embedded  as  quartz  grains.     Silica  alone  is  not  fusible  in  the 
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most  severe  furnace-heat ;  it  become  so  to  the  extent  in  which 
it  combines  with  other  substances,  not  excepting  even  alumina 
(infusible  by  itself).  This  combination,  and  the  fusion  keeping 
pace  with  it,  does  not  take  place  until  a  temperature  is  reached 
higher  than  that  at  which  a  combination  of  the  same  substances 
formed  or  existing  before,  would  assume  the  liquid  state.  The 
greater  or  less  fusibility  therefore  not  only  depends  on  the  chemical 
composition  of  the  whole,  but  is  vitally  influenced  by  the  greater 
or  less  resistance  which  the  state  of  aggregation  of  the  components 
opposes  to  chemical  action ;  practice  has  known  this  for  a  long 
time,  and  without  reasoning  about  it,  increases  the  size  of  grain 
as  far  as  compatible  with  other  requirements.  If  materials  of 
otherwise  identical  composition,  with  pure  quartz  as  the  non- 
plastic  addition,  exhibit  such  wide  variations  in  their  qualities, 
then  this  will  be  the  case  to  a  still  higher  degree  if  the  non- 
plastic  components  are  composed  of  fusible  combinations  along 
with  quartz,  as  we  may  suppose  to  be  true  in  the  greater  number 
of  instances.  In  order  to  make  plain  this  assumption,  confirmed 
by  but  few  direct  tests,  we  must  call  to  mind  the  origin  of 
the  clays,  at  least  of  all  such  as  are  not  found  on  the  site  of  the 
mother  rock. 

All  those  strata  of  the  earth's  crust  that  are  designated  as 
plastic  clays,  shales,  pot  clays,  loams,  brick  clays,  clayey  marls, 
etc.,  and  that  preeminently  furnish  the  raw  materials  for  the 
ceramic  industries,  have  come  from  the  weathering  of  alumina- 
bearing  rocks.  Great  differences  in  the  mother  rocks  gave 
rise  to  diflFerences  in  the  properties  of  the  products.  Moreover^ 
in  addition  to  the  mechanical  disintegration  by  frost,  by  changes 
of  temperature  and  by  attrition,  the  chemical  agencies  of  water 
and  carbon  dioxide,  supported  by  alternately  oxidizing  and  re- 
ducing influences,  were  at  work  in  carrying  oflE  in  soluble  form 
single  substances,  especially  the  alkalies,  lime,  magnesia,  ferric 
oxide,  and  manganous  oxide. 

The  latter  process  concludes  with  the  formation  of  those 
hydrated  combinations  of  alumina  that  may  be  termed  clay  sub- 
stance, the  former  with  the  formation  of  sand  and  mineral  dust 
in  all  conceivable  grades  of  fineness. 
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As  both  processes  go  on  together,  the  non-plastic  materials, 
that  is,  those  portions  proceeding  merely  from  the  mechanical 
wear  and  deposited  in  places  where  the  transporting  power  of 
the  water  was  less  effective,  will  show  all  stages  of  chemical 
change  and  the  coarser  fragments  will  naturally  contain  a  larger 
share  of  the  undecomposed  or  undecomposable  constituents  of 
the  original  rock. 

Let  us  bear  the  above  in  mind,  in  order  to  comprehend  the 
manner  in  which  I  have  arrived  at  the  separation  and  designa- 
tion of  the  mechanical  components.  It  is  now  evident  from  the 
origin  of  clays,  that  they  consist  of  grains  admitting  of  measure- 
ment down  to  the  finest,  even  of  atomic  size,  in  all  gradations  of 
comminution  without  abrupt  gaps,  as  well  as  in  all  stages  of 
chemical  decomposition.  The  separation  of  such  a  mass  into 
groups,  can  be  carried  out  only  in  an  arbitrary  and  conventional 
manner.  The  classification  here  adopted  depends  on  such  differ- 
ences in  the  size  of  the  particles,  that  each  group  exhibits  special 
characteristics  corresponding  as  closely  as  possible  to  qualities 
familiar  to  practice. 

All  the  finest  particles  within  a  limit  that  can  or  ought  to 
be  maintained  by  the  most  careful  washing  on  a  large  working 
scale,  constitute  clay  substance.  This  exhibits  the  properties  of 
the  raw  material  intensified  :  highest  plasticity,  greatest  aflBnity 
for  water,  high  shrinkage  and  excessive  cracking,  and  drying  to 
a  hard  mass  that  takes  polish.  It  was  obtained  by  elutriation  in 
a  Schoene  funnel  by  means  of  an  ascending  current  of  water 
flowing  with  a  velocity  of  0.2  mm.  per  second.  The  maxi- 
mum size  of  grains  corresponds  to  0.01  mm.  diameter.' 

Those  minute  mineral  fragments  that  can  be  worked  with 
water  like  a  short  clay,  but  dry  to  a  loose  powder  which  takes 
no  polish  and,  as  a  rule,  neither  shrinks  nor  cracks,  are  classed 
as  rock  flour.  It  is  obtained  at  the  velocity  of  0.48  mm. 
per  second  ;  maximum  size  of  grains  0.25  mm.  diameter. 

Dust  sand  comprises  those  particles  that  no  longer  exhibit 


>  Schoene  has  calculated  the  diameter  of  the  gnrains  carried  over  from  the 
velocity  of  the  elutriating  current,  by  assuming  their  specific  gravity  to  be  that  of 
quartz. 
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plasticity  when  mixed  with  water,  crumble  when  dried,  and  pro- 
duce a  {gating  sound  when  ground  in  the  mortar,  but  give  no 
sensation  of  grains  when  rubbed  between  the  fingers.  Velocity 
of  the  current  is  0.99  mm.  per  second ;   size  of  grain,  0.04  mm. 

Pine  sand  includes  all  grains  from  0.04  to  a 2  mm.;  coarse 
sand,  all  over  0.2  mm. 

For  the  analysis,  50  grams  of  the  clay  dried  at  120^  were 
boiled  with  water  for  about  an  hour,  the  coarse  materials  as  well 
as  roots  and  other  foreign  admixtures  taken  out  with  a  screen  of 
0.2  mm.  mesh,  and  the  balance  was  subjected  to  elutria- 
tion.  After  the  finest  portions,  the  clay  substance,  had  been 
washed  out,  the  remainder,  that  is  the  non-plastic  components, 
was  again  subjected  to  boiling  and  elutriation ;  this  process  was 
repeated  till  the  water  flowed  clear.  Clays  vary  widely  as 
regards  the  ease  of  separation ;  in  the  samples  of  Senftenbeig 
clay,  for  instance,  the  clay  substance  was  obtained  by  one  boil- 
ing and  washing;  the  operation  had  to  be  repeated  four  times 
with  the  Andennes  clay. 

Having  removed  the  clay  substance,  the  non-plastic  portion 
was  separated  into  particles  of  different  size,  as  specified,  by  in- 
creasing the  rate  of  flow.-  The  samples,  whose  chemical  anal- 
ysis and  that  of  the  separate  components  is  appended,  had  the 
following  composition : 


I.  Senftenberg, 
fat 

n.  SeaftenbeiKi 
lean. 

III.  Senftenberg, 
medium  fat. 

Andennes 

Coarse  sand 
Fine  sand    - 
Dust  sand 
Rock  flour  - 
Clay  snbstancel 
(by  difference)  / 

0.58 
3.00 

3.52 
II. 16 

82.18 

0.34 
28.46 

13.84 
20.24 

37.00 
100 

1.50 

8.80 

10,90 

12.88 

65.88 

0.12 
0.68 

3.84 
4.26 

91.10 

Total  per  cents 

100 

100 

100 

The  chemical  analysis  of  the  substances  obtained  as  above, 
was  as  follows : 
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Sbnptenbbrg  Clay  Occurring  with  Strata  op  Lignite 


Plutic 
kind 

I^ean  kind 

Medium  plastic  kind 

Rmw  clay 

Raw  clay 

Clay 
substance 

Rock  flour 

Dust  sand 

Pine  sand. 

Silica 

62.70 

68.36 

59.99 

74.99 

84.70 

93.38 

Alumina 

21.30 

18.03 

24.76 

14.20 

9.30 

3.81 

Feme  oxide 

3.06 

2.79 

4.13 

3.45 

I. II 

0.56 

Lime 

0.58 

0.72 

[    0.93 

Magnesia 

0.53 

0.72 

0.18 

0.27 

O.IO 

Potash 

2.18 

2.24 

}    2.48 

Soda   - 

0.81 

0.50 

2.40 

2.33 

1.37 

Combined  water 

8.57 

7.54 

7.64 

4.60 

2.43 

0.76 

99.73 

100.90 

99.93 

99.83 

100.14 

99.98 

Fire-Clay  prom  Andennes  in  Belgium 


Silica 

Alumina 

Ferric  oxide 

Lime  - 

Magnesia 

Potash 

Soda 

Combined  water  - 


} 


Raw  clayi 


49.64 

34.78 

1.80 

0.68 

0.41 

0.41 

12.00 
99.72 


Rock  flour 


56.14 
28.62 

3." 

trace 
0.61 

1.95 

9.57 
100.00 


Dust  sand 


60.79 

25.32 

3.18 

trace 
0.30 

1.80 

8.61 
100.00 


Prom  the  above  figures  of  the  chemical  analysis,  let  us 
first  draw  conclusions  in  regard  to  the  behavior  of  the  clay  in 
the  fire.  We  know  from  the  work  of  Bischof  and  Richters  that 
the  fusibility  depends  both  on  the  ratio  of  the  silica  and  alumina 
to  the  fluxes,  and  on  the  ratio  between  the  first  two ;  and  that 
the  fluxing  elements  exert  an  efiFect  proportionate  to  their  respec- 
tive atomic  weights.     Calculating  these  relations,'  we  obtain : 

'  According  to  Bischof. 

'  We  must  bear  in  mind  that  in  the  above,  SiOs  is  the  old  formnla  for  silica, 
and  PeO  that  of  the  iron.  Neyertheless,  the  valne  of  the  fignres  remains  for  pur- 
poses of  comparison. 
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Pluzct 

Alumliui 

Sillcm 

Son  of 

infusible 

elcmcaU 

Clay  substance  of  Senftenberg 

2.55 

7.25 

9.80 

Rock  flour  of  Senftenberg  - 

1.92 

1 1. 10 

13.02 

Dust  sand  of  Senftenbeig 

2.10 

21.77 

23.87 

Pine  sand  of  Senftenberg    - 

I.61 

45.92 

47.53 

Clay  of  Andennes 

6.86 

13.26 

20.12 

Rock  flour  of  Andennes 

3.65 

8.05 

11.70 

Dust  sand  of  Andennes 

I          3.71 

10.05 

13.76 

In  the  Senftenberg  clay  we  note  how  the  amount  of  fluxes 
decreases  and  that  of  silica  increases  as  the  non-plastic  components 
become  more  coarse-grained ;  that  in  consequence  the  sand  tends 
to  resist  the  effects  of  heat  more  than  do  the  finer  portions  of 
rock  flour  and  clay  substance.  The  opposite  relation  is  noted  in 
the  Andennes  clay ;  here  the  non-plastic  portions  are  more 
fusible  than  the  raw  clay,  which  is  nearly  all  clay  substance. 
To  shed  as  much  light  as  possible  on  these  differences  may  prove 
of  great  importance  to  practice.  Great  variations  appear  in  the 
physical  character  of  separate  layers  of  a  clay  deposit ;  as  the 
mechanical  analysis  of  the  Senftenberg  clay  illustrates,  it  is  now 
the  plastic  clayey  portion,  now  rock  flour,  now  finer  or  coarser 
sand,  that  constitutes  the  bulk  of  the  raw  material.  A  knowl- 
edge of  the  properties  of  the  separate  components  will  therefore 
greatly  aid  in  forming  an  estimate  of  the  material. 

Not  only  as  regards  refractoriness  of  different  layers  of  a 
deposit,  are  these  relations  of  significance ;  they  may  also  indi- 
cate variation  in  other  properties  that  appear  with  a  change  of 
the  mechanical  composition.  The  size  of  grain  in  the  non- 
plastic  portions  has  much  to  do  with  the  range  of  use  and 
manner  of  working ;  but  these  may  also  exhibit  characteristics 
that  give  peculiar  properties  to  the  clay.  As  their  chemically 
combined  water  indicates,  the  non-plastic  portions  of  the  Senften- 
berg or  Andennes  clay  are  not  merely  to  be  considered  as  rock 
fragments  of  various  sizes  or  sand  ;  they  have  been  attacked  by 
the  weathering  process  at  a  rate  increasing  with  the  fineness  of 
grain.     This  chemical  change  has  imparted  to  them  some  of  the 
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properties*  of  clay  substance,  although  to  a  less  degree.  The 
ability  to  retain  with  great  tenacity  the  water  once  taken  up,  is 
characteristic  of  clay  substance,  while  sand  readily  parts  with  it 
by  evaporation.  We  have  no  scale  by  which  to  measure  this 
capacity  of  clay  to  retain  water,  but  an  index  may  be  found  in 
the  avidity  with  which  a  clay  draws  moisture  from  the  air,  and 
condenses  it  within  its  pores.  The  difiEerent  products  of  the 
elutriation  furnish  no  less  interesting  hints  on  rapid  drying  than 
on  refractoriness. 

The  samples  dried  at  120°  to  130°  and  placed  together  with 
an  open  vessel  of  water  under  a  bell-jar,  consequently  in  an  at- 
mosphere saturated  with  aqueous  vapor,  had  increased  in  weight 
by  absorbing  the  following  per  cents  of  water : 

Clay  of  Senftenberg  :  Clay  substance  13.40  per  cent,  rock 
flour  5.39  per  cent,  dust  sand  2.16  per  cent,  fine  sand  0.4  per 
cent 

Clay  of  Andennes :  Clay  substance  26. 1 7  per  cent,  rock  flour 
19,18  per  cent,  dust  sand  17.95  per  cent,  fine  sand  none. 

Although  these  figures  cannot  be  used  as  standards  of  com- 
parison (for  the  amount  of  water  absorbed  will  depend  on  the 
temperature  of  the  air  and  amount  of  water  vapor  present  in  con- 
sequence), the  diflFerences  are  so  great  that  they  deserve  fur- 
ther attention  ;  and  I  may  revert  to  them  in  the  future. 

The  tendency  to  crack  more  or  less,  which  is  another  prop- 
erty peculiar  to  clays,  seems  to  stand  in  some  connection  with 
differences  in  the  constitution  of  the  components. 

The  water  being  first  siphoned  off,  the  clay  substance  of 
both  clays  was  poured  as  a  slip-like  mass  on  china  plates,  and  in 
either  case  dried  to  a  badly  warped,  hard  disk  vrith  marginal 
cracks.  As  the  dried  cakes  of  the  non-plastic  portions  of  the 
Senftenberg  clay  neither  cracked  nor  separated  from  the  sides  of 
the  plates,  they  did  not  shrink ;  the  same  components  of  the 
Andennes  clay,  on  the  other  hand,  dried  to  prismatic  pieces  of 
a  few  millimeters  diameter  that  crumbled  on  being  touched 
gently.  This  striking  difference  in  the  behavior  of  the  non- 
plastic  portions  seems  to  furnish  an  explanation  of  the  fact  that 
some  clays,  which  may  be  lean  and  shrink  very  little,  crack  ex- 
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cessively,  while  others,  when  plastic  and  of  high  shrinkage,  are 
much  safer  in  this  respect. 


The  Influence  of  the  Constituents  of  Clay  upon  Its  Fusibility 


Otto  Hbksbl.  TKAMSLATom 

In  former  articles  I,  jointly  with  Dr.  Aron,  published  a  series 
of  analyses  of  kaolins,  plastic  clays,  and  brick  clays.  Our  principal 
aim  was  to  call  attention  to  the  rational  analysis,  which  up  to 
this  time  was  used  only  in  pure  science,  and  to  show  its  value  in 
practical  testing  and  in  determining  the  properties  of  clays,  and 
especially  its  use  in  deciding  on  the  composition  of  bodies.  As 
is  well  known,  certain  branches  of  the  clay  industries  do  not  al- 
ways use  clays  alone,  because  these  rarely  give  the  desired 
qualities;  but  mixtures  of  one  or  of  several  clays  with  non- 
plastic  and  fluxing  additions  (sand,  grog,  quartz,  flint,  spar  and 
other  easily  fusing  minerals,  slag,  chalk,  marble,  marl,  etc.),  are 
commonly  used  for  the  bodies.  Given  the  raw  materials,  the 
proportion  of  each  is  usually  ascertained  empirically,  and  fre- 
quently with  great  losses  in  the  manufacture.  On  the  constancy 
of  this  composition  depends  the  certainty  of  results  and  pecu- 
niary success;  a  small  variation  in  the  composition  may  im- 
part very  anomalous  properties  to  the  body :  the  color,  ring, 
transparency,  porosity,  and  elasticity  of  the  ware,  and  the  be- 
havior in  drying  and  firing  may  have  changed  so  materially  that 
great  difficulties  and  losses  result  in  the  manufacture,  and  only 
the  dump-pile  grows  in  size. 

As  long  as  a  concern  takes  proper  care  and  obtains  a  supply 
of  materials  whose  composition  does  not  vary,  there  is  no  such 
risk  after  the  first  difficulties  of  empirical  tests  and  trials.  But 
it  often  happens  that  the  raw  material  will  vary  in  the  deposit 
or  will  have  to  be  obtained  from  another  source.  If  in  these 
cases  the  management  wishes  to  avoid  heavy  losses  in  the  manu- 
facture, and  tries  to  escape  the  many  tedious  empirical  trials  that 
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are  often  futile,  a  scientific   control  of  the  composition  of  the 
raw  material  is  demanded. 

The  customary  mechanical  and  chemical  analyses  of  the 
raw  materials  in  many  cases  may  give  useful  hints,  but  do  not 
always  suffice  to  determine  its  properties  with  exactness.  The 
practical  man  therefore  regards  the  chemical  analysis  with  a  cer- 
tain suspicion,  often  well-founded,  because  he  cannot  interpret 
it,  or  because  the  interpretation  applied  to  it  does  not  always 
harmonize  with  results  looked  for  in  practice.  To  form  an  idea 
of  the  significance  of  the  chemical  analysis  in  determining  the 
properties  of  a  clay,  let  us  take  the  kaolins  as  an  example. 

The  washed  kaolins  of  commerce  are  not  chemically  uni- 
form substances,  but  consist  of  a  mechanical  mixture  of  clay 
substance  proper  (the  product  of  complete  decay  of  feldspar),  a 
feldspathic  powder  of  extreme  fineness,  and  quartz.  Of  the  ele- 
ments enumerated  in  the  gross  analysis  of  a  kaolin,  that  is,  silica, 
alumina,  the  alkalies,  and  the  water,  all  but  the  last  are  present 
in  components  which  are  mineralogically  distinct  and  unlike  in 
properties.  Silica  is  present  in  the  free  state  as  quartz  (also  in 
the  amorphous  or  opal  form)  and  in  the  combined  state  in  the 
spar  and  the  clay  substance;  alumina  and  the  alkalies  are 
present  in  the  unweathered  spar  and  the  clay  substance.  If, 
therefore,  the  chemical  analysis  of  one  kaolin  shows  a  higher 
percentage  of  silica  than  that  of  another,  it  does  not  necessarily 
follow  that  the  former  is  more  silicious,  although  this  often  is 
the  case ;  it  may  as  well  be  more  feldspathic,  since  this  mineral 
has  a  higher  percentage  of  silica  (70)  and  a  lower  of  alumina 
(20)  than  the  clay  substance  constituting  the  bulk  of  the  sample. 

It  is  at  once  evident  to  the  practical  man  that  a  di£Ference 
will  result  in  a  body  having  kaolin  in  its  composition,  when  the 
high  silica  content  of  the  latter  comes  from  quartz  or  from  feldspar 
or  both.  The  customary  gross  analysis,  merely  giving  the  total 
of  each  elementary  oxide  present,  affords  no  information  on  this 
point  and  admits  only  of  conjectures,  while  here  the  rational 
analysis  gives  complete  data  since  it  enables  us  to  ascertain  the 
con^ponents,  i,  e.,  the  amount  of  quartz,  feldspdr,  and  clay  sub- 
stance and  the  chemical  composition  of  the  last  one,  sufficiently 
close  for  practical  needs. 
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Examining  the  figures  obtained  by  calculating  the  propor- 
tion of  quartz,  feldspar,  and  clay  substance  from  the  rational  anal- 
ysis of  seven  commercial  kaolins  we  see  that  while  the  first  two 
vary  considerably  between  35  and  9  per  cent,  the  clay  substance, 
notwithstanding  the  great  difiFerences  exhibited  by  the  gross 
analysis,  shows  a  nearly  uniform  composition  in  all ;  we  may 
hence  deduce  nearly  identical  properties  for  this  substance  in  all 
kaolins.  We  are  thus  led  to  reason  that  the  difiFerences  in  the 
properties  of  kaolins  are  mainly  due  to  the  relative  amounts  in 
which  the  three  mineralogical  components  are  present,— com- 
ponents whose  properties  as  distinct  minerals  are  well  defined. 

For  instance,  ground  feldspar  and  flint  enter  into  the  compo- 
sition of  china  and  white  ware  bodies.  Hence  it  is  important, 
when  one  kaolin  is  substituted  for  another,  to  know  the  amount 
of  quartz  and  feldspar  which  they  naturally  contain.  A  varia- 
tion in  these  two  means  a  new  body  mixture — unknown  to 
the  manufacturer — and  the  assertion  is  not  exaggerated  that 
most  difficulties  of  manufacture  due  to  the  behavior  of  the  body, 
can  be  traced  to  variations  in  the  composition  of  the  kaolins — 
variations  hidden  to  the  manufacturer. 

In  the  case  of  those  sedimentary  clays  removed  from  the 
site  of  their  origin  (the  plastic  and  brick  clays,  etc.),  the  results 
of  the  chemical  analysis  do  not  represent  typical  minerals  very 
accurately.  As  their  natural  washing  process  was  carried  on, 
they  were  enabled  to  take  up  rock  fragments  foreign  to  the 
mother  rock ;  and  their  clay  substance  (so  named  from  its  phys- 
ical behavior)  shows  a  more  irregular  composition  than  is  the 
case  with  kaolins,  and  will  therefore  vary  all  the  more  in  its 
properties.  Nevertheless,  the  rational  analysis  gives  excellent 
clues  to  an  estimation  of  the.  properties  of  clays  and  of  their 
behavior  in  the  process  of  manufacture ;  it  enables  us  to  value 
properly  the  influence  exerted  on  the  whole  by  the  components 
according  to  their  respective  amounts  and  character.  Although 
this  discussion  of  the  rational  analysis  for  clays  and  pottery 
bodies  is  familiar  to  the  reader  from  the  former  articles  referred 
to,  I  thought  a  repetition  might  be  helpful  in  following  my 
subsequent  investigations  on  the  efiEect  of  heat  on  clays  and  the 
phenomena  connected  therewith. 
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The  analytical  work  mentioned  in  the  introduction,  caused 
Dr.  Bischof  to  investigate  the  agreement  between  those  analytical 
results  and  his  proposed  law  of  refractoriness — the  fruit  of  years 
of  laborious  investigations  on  the  connection  between  chemical 
composition  and  refractoriness  or  fusibility.  In  a  comprehen- 
sive series  of  articles*  he  concludes  that  a  well  defined  and 
striking  influence  of  the  separate  components  of  kaolins  and 
clays  on  their  pyrometric  value  cannot  be  well  detected,  and 
that  on  this  point  the  gross  analysis  is  to  be  preferred  to  the 
rational  analysis  as  a  better  guide.  He  believes  himself  justified 
in  thisi  inference,  because  the  actual  fusion  tests  agreed  with  his 
refractory  law  in  most  cases,  and  because  he  was  unable  to  find 
a  relation  capable  of  numerical  expression  between  the  tests  and 
the  results  of  the  rational  analysis. 

This  was  a  surprise  to  me  indeed.  If  he,  by  applying  his 
law  to  the  mineral  constituents  of  a  clay,  had  attempted  to  find 
an  explanation  for  the  seemingly  contradictory  behavior  of  the 
clays  previous  to  complete  fusion,  it  would  have  been  easy  to 
draw  altogether  different  conclusions  from  the  tests,  especially 
for  the  lower  temperatures,  which  are  most  important  in  practice 
and  where  his  law  breaks  down  completely.  I  consider  this  the 
only  correct  way.  He  would  then  have  come  to  the  conclusion 
with  me  that  the  rational  analysis,  in  conjunction  with  the  gross 
analysis,  is  not  without  its  value  in  explaining  the  action  of 
clays  under  heat,  that  it  is  capable  of  solving  with  ease  many  puz- 
zling questions  pointed  out  by  him  as  exceptions  to  his  law, 
still  awaiting  elucidation ;  and  by  extending  the  application  of 
the  refractory  law,  a  valuable  contribution  to  the  investigation 
of  clays  would  have  been  furnished.  I  have  refrained  from 
drawing  these  conclusions  before,  because  I  myself  had  not  made 
any  extensive  series  of  tests  in  the  same  direction  as  Bischof  did 
with  the  raw  materials,  used  for  analysis  by  me  and  for  fusions 
by  him ;  I  wanted  to  convince  myself  to  what  extent  such  pre- 
conceived views  as  the  observer  may  entertain,  will  influence  the 
judgment  in  interpreting  the  signs  of  fusion.  Before  I  give  re- 
sults and  inferences  I  shall  describe  what  physical  and  chemical 

>  ThoninduBtrie  Zeitung',  1877,  Nos.  24  to  27. 
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changes  take  place  in  the  firing  of  clays  and  how  the  separate 
components  share  in  the  process.  Thus,  in  a  sense,  the  refrac- 
tory law  will  be  assigned  the  limits  of  its  operation.  I  consider 
this  all  the  more  necessary,  as  I  differ  with  Bischof  in  in- 
terpreting the  indications  of  fusion  and  in  expressing  his  law 
numerically. 

Recapitulating,  the  chemical  changes  wrought  in  clays  by 
dark  red  heat,  though  differing  very  much  in  different  clays,  may 
be  considered  as  a  single  operation.  The  expulsion  of  the 
chemically  combined  water  stands  foremost  Clay  so  burned 
can  no  longer  bind  water  chemically,  but  draws  it  into  its  pores 
only  in  a  mechanical  manner  and  parts  with  it  readily  by  evap- 
oration at  ordinary  temperatures.  Its  characteristic  property  of 
forming  a  plastic  mass  with  water  is  gone. 

Such,  at  this  stage,  is  the  entire  chemical  change  in  the 
purest  clays  (the  kaolins).  In  more  impure  ones  (which  embrace 
the  great  majority  of  clays),  further  manifold  changes  take  place. 
Of  the  more  common  accessories,  any  organic  substance  present 
bums  away;  ferric  hydroxide  loses  its  water  and  changes  to 
ferric  oxide,  which  produces  red  coloring  effects ;  pyrites  (ferric 
sulphide),  while  yielding  sulphur  dioxide,  and  to  some  extent 
giving  rise  to  sulphates,  likewise  becomes  ferric  oxide ;  the  fer- 
rous iron  in  the  clay  substance  or  in  the  sandy  or  dust-like  rock 
fragments  turns  to  ferric  oxide ;  calcium  and  magnesium  car- 
bonates part  with  their  carbon  dioxide ;  other  constituents,  the 
quartz  sand,  feldspar,  and  similar  detritus,  that  contain  no  com- 
bined water,  remain  unaltered.  A  chemical  action  of  the  parti- 
cles on  each  other  at  low  heats  is  entirely  absent 

However  various  may  be  these  changes  in  the  accessory 
components  of  a  clay,  their  effects,  nevertheless,  in  almost  every 
case  are  subordinate  to  the  changes  that  have  taken  place  in  the 
clay  substance,  which  is  the  cement  of  the  heterogeneous  ele- 
ments ;  and  just  as  in  the  raw  state,  it  is  the  clay  substance 
which,  above  all,  has  stamped  its  properties  on  the  whole.  The 
material  has  become  harder,  and  is  changed  in  color,  though  not 
in  form.  Its  porosity  is  now  considerably  greater  than  it  was 
when  simply  dried ;  it  has  been  increased  by  the  space  which 
had  been  occupied  by  the  substances  evaporated. 
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The  hardness  of  the  burned  clay  stands  in  some  relation  to 
its  plasticity,  although  the  point  has  not  been  scientifically 
established.  Ordinarily  we  may  assume  that  clay  burned  at  low 
heat  increases  in  hardness  with  the  unctuousness  ("fatness") 
of  the  raw,  plastic  material. 

This  stage  of  the  bum,  however,  will  not,  in  most  cases, 
satisfy  practical  demands,  for  the  ware  will  now  resist  neither  the 
destructive  agencies  of  the  atmosphere,  vigorous  pressure  nor 
impact,  nor  will  it  retain  fluids. 

These  properties  are  secured  by  a  harder  bum  only  when 
a  portion  of  the  constituent  particles  fuses  and  unites  the 
remainder  to  a  compact  mass,  rock-like  to  vitreous,  according  to 
the  amount  and  nature  of  the  melted  particles.  This  process 
causes  a  shrinkage,  due  to  the  filling  up  of  the  pores,  and  this 
shrinkage  increases  with  the  amount  of  the  mass  that  fuses  and 
softens. 

This  stage,  the  vitrification  of  clays,  includes  two  distinct 
processes :  in  the  first,  a  wholly  physical  one,  single  components 
pass  into  the  liquid  state ;  in  the  second,  a  chemical  one,  sub- 
stances unite  to  form  new  compounds  having  a  lower  fusing- 
point  than  the  substances  uniting.  One  instance  will  be  given 
to  illustrate  the  point  Although,  as  is  well-known,  lime  in  the 
pure  state  cannot  be  fused  at  all,  and  quartz  only  at  temperatures 
unattainable  in  practice,  both  are  used  as  fluxes  in  the 
composition  of  bodies.  These  are  indirect  means  of  fusion  and 
vitrification,  because  they  will,  under  right  conditions,  form  a 
compound  that  is  very  fusible  in  comparison  with  the  other 
ingredients. 

To  effect  chemical  combination,  the  most  minute  particles 
of  the  combining  substances  arrange  themselves  in  a  definite 
manner  side  by  side.  Mixing  the  substances  ever  so  intimately 
will  not  be  sufficient  to  induce  combination.  Chemical  processes 
rather  presuppose  an  unrestricted  motion  of  the  molecules,  and 
never  take  place  between  two  solid  substances :  one  of  these  at 
least  must  be  in  a  liquid  or  gaseous  state.  Hence,  two  solid 
substances  will  not  produce  chemical  compounds,  unless  a 
liquid  is  present  that  will  dissolve  one  or  both  of  them,  and  thus 
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establish  the  proper  contact  I  may  give  an  instance  that  can 
be  tried  by  any  one.  If  tartaric  acid  and  sodium  bicarbonate, 
both  solids  and  soluble  in  water,  are  dissolved,  and  the  solutions 
mixed,  a  violent  reaction  takes  place;  carbon  dioxide  is  liberated 
and  sodium  tartrate  is  formed.  On  the  other  hand,  mix  these 
substances,  in  a  perfectly  dry  condition,  with  all  possible  care,  and 
no  reaction  takes  place.  Pour  water  on  the  mixture  and  a  vio- 
lent reaction  at  once  b^ns.  It  is  not  even  necessary,  and  it  is 
well  to  bear  this  in  mind  in  judging  the  behavior  of  clays,  to 
add  so  much  water  as  to  dissolve  all  of  the  mixture ;  the  least 
amount  to  start  the  mobility  of  the  molecules  will  do,  and  if  the 
mixture  is  merely  set  away  in  a  moist  place,  reaction  will  take 
place. 

This  law,  applicable  to  all  chemical  reactions  between 
solids,  must  be  held  as  valid  for  the  mutual  influence  of  the  con- 
stituents of  clays ;  until  one  of  the  natural  compounds  present 
has  reached  its  fusing-point  and  thus,  by  its  intermediation,  is 
able  to  produce  further  chemical  reactions,'  an  increase  of  fusing 
components  by  chemical  action  cannot  take  place. 

In  endeavoring  to  conceive  of  what  will  take  place  during 
the  vitrification  of  a  clay,  it  is,  therefore,  important  to  know 
which  of  its  constituents  is  the  most  fusible  and  in  what  amount 
relative  to  the  others  it  is  present  We  have  not  thus  far  been 
able  to  ascertain  the  fusing  temperature  of  the  components, 
separately  considered,  yet  the  application  of  Bischofs  law  will 
establish  their  relative  fusibility,  and  the  rational  analysis  their 
relative  amount. 

If  we  illustrate  the  process  of  vitrification  in  this  way,  that 
one  or  more  of  the  components  start  fusion  and  in  this  state  in- 
duce further  liquid  combinations,  while  the  unfused  portions 

'  The  influence  of  the  greater  or  less  fusibility  of  a  component  appears  very 
clearly  in  the  manufacture  of  cement  To  produce  Portland  cement,  a  mixture  of 
lime  and  clay  is  subjected  to  heat  until  it  vitrifies  to  a  mass  like  lava.  The  chemical 
composition  of  the  very  intimate  mixture  of  these  substances,  finely  powdered,  must 
in  all  cases  be  nearly  constant  or  may  vary  only  within  very  narrow  limits  at  most 
According  to  Bischof's  law,  the  invariable  chemical  composition  of  this  mixture 
ought  to  require  an  invariable  temperature  of  firing.  In  point  of  fact,  the  variation 
of  finishing  temperatures  is  considerable  and  depends  on  the  fusibility  of  the  clay 
employed. 
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constitute  a  rigid  framework  retaining  the  original  shape  of  the 
article,  then,  at  high  temperatures,  we  must  imagine  the  pores 
of  the  clay  as  more  or  less  filled  with  liquid.  If  the  molten 
portion  represents  only  a  small  fraction  of  the  whole  mass,  a 
greater  hardness  and  slight  shrinkage,  without  complete  oblitera- 
tion of  porosity,  will  be  produced.  As  the  temperature  rises 
and  an  increasing  portion  of  the  particles  that  represent  the 
skeleton,  liquefy,  the  pores  fill  more  and  more  with  fluid  matter 
till,  at  the  stage  of  vitrification  of  porcelain  and  paving  brick, 
the  pores  are  completely  filled.  As  fusion  beyond  this  point  no 
longer  enables  the  unfused  portions  to  furnish  a  frame  of  the  re- 
quired rigidity,  the  articles  lose  their  shape  under  their  own 
weight. 

If  we  speak  of  the  fusibility  of  a  clay  from  a  practical  point 
of  view,  this  stage  represents  the  highest  temperature  that  is  ad- 
missible, and  tests  at  still  greater  heat  are  of  little  technical 
value,  for  the  operation  of  burning  always  presupposes  that  the 
ware  shall  retain  its  shape.  Wliat  takes  place  at  temperatures 
beyond  that  may  be  of  scientific  interest,  but  is  a  matter  of  in- 
diflEerence  to  ceramic  practice. 

When  the  softening  of  the  clay  has  progressed  so  far  that 
the  burned  objects,  by  their  loss  of  shape,  are  unfit  for  practical 
use,  all  of  the  mass  has  not  yet  become  liquid,  but  the  clay  is 
now  transformed  into  a  viscous  mixture  of  molten  and  unmolten 
substance,  in  which  the  former  predominates.  The  fused  por- 
tion does  not  chemically  represent  the  entire  clay  (as  Bischof  s 
law  assumes)  until  the  mass  runs  in  drops.  If  the  particles  of 
one  of  the  unfused  components  happen  to  be  larger  than  the 
rest  and  will  therefore  dissolve  more  slowly,  the  chemical  com- 
position of  the  fused  mass  and  that  of  the  clay  will  differ  all  the 
more,  contrary  to  the  assumption  of  Bischof  s  law. 

All  bodies  capable  of  passing  from  the  solid  to  the  liquid 
state,  do  so  at  definite  temperatures.  Aside  from  slight  varia- 
tions due  to  conditions  of  pressure,  these  temperatures  depend 
on  their  chemical  nature. 

With  simple  substances  {e,  g.y  the  metals)  the  temperature 
of  fusion  is  one  of  the  surest  tests  of  their  purity,  as  is  also  the 
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case  with  those  compounds  that  are  always  obtained  of  a  uniform 
composition  (that  is,  all  salts  that  crystallize).  This  law  does 
not  strictly  apply,  however,  to  the  class  of  compounds  regarded 
as  so-called  isomorphous  salts,  or  compound  solutions,  which  are 
formed  when  several  simple  or  compound  substances  unite  in 
any  proportion  in  which  they  may  be  mixed,  and  give  rise  to 
new  homogeneous  substances,  unlike  chemical  combinations 
proper  in  which  the  separate  ingredients  combine  only  in  definite 
proportional  amounts  by  weight,  and  where  a  deficiency  or  ex- 
cess of  one  or  the  other  remains  in  an  uncombined  state. 

Instances  of  the  first  class,  which  behave  in  fusion  in  many 
respects  like  clay,  are  the  mixtures  of  metals  known  as  alloys, 
and  the  mixtures  of  salts  of  silica, — the  common  varieties  of 
glass. 

Most  metals  can  be  combined  by  heat  in  any  desirable  pro- 
portion, without  again  segregating  according  to  their  specific 
weight  These  mixtures  possess  by  no  means  the  temperature 
of  fusion  that  we  obtain  by  calculating  the  proportionate 
amounts  of  the  ingredients  and  the  melting  temperature  of  each, 
but  experience  shows  that  they  are  always  more  fusible  than  the 
mean  of  the  ingredients  would  lead  us  to  expect  In  many  cases, 
especially  when  a  large  number  of  metals  have  been  united,  the 
alloys  are  considerably  more  fusible  than  any  of  the  ingredients. 
For  instance,  the  four  metals,  tin,  bismuth,  lead,  and  cadmium, 
will  produce  an  alloy  that  fuses  at  80^  (below  the  boiling-point 
of  water),  though  the  first  two  of  the  metals  fuse  above  200^,  and 
the  last  two  far  above  300*^. 

The  same  peculiarity  of  a  lowering  of  the  fusing-point  is 
exhibited  by  a  long  series  of  mixtures  of  salts  that  contain  the 
same  acid  and  the  so-called  double  salts  ;  mixtures  of  sodium  and 
potassium  carbonates  or  sulphates  fuse  much  more  easily  than 
either  salt 

The  mixtures  or  compound  solutions  of  salts  of  silica,  the 
glass  and  glaze  frits,  act  similarly,  as  workers  in  glass  and  glazes 
well  know.  Practice  is  aware  of  the  fact  that  their  fusibility 
depends  not  only  on  the  ratio  between  the  silica  and  the  fluxes, 
but  also  on  the  nature  of  the  flux  (whether  potash,  soda,  baryta. 
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alumina,  lead,  etc.),  how  many  fluxes  are  used  together,  and  in 
what  proportion  they  are  mixed.  All  these  factors  are  of  great 
influence.  As  a  rule,  with  frits  of  the  same  degree  of  acidity, 
fusibility  increases  with  the  number  of  fluxes  present.  The  pro- 
portion in  which  the  fluxes  are  mixed  will  not  by  itself  permit 
of  positive  conclusions  as  to  fusibility.  As  in  the  fusion  of  clays, 
we  have  to  deal  with  combinations  similar  to '  those  in  glass. 
The  experience  gained  with  the  latter  should  be  valid  for  the 
former. 

The  conditions  in  clays  are  more  complicated,  because  here 
we  have  to  deal  not  simply  with  the  relation  of  the  fluxes  to  one 
infusible  element,  silica,  but  also  to  another,  namely,  alumina, 
and  the  relation  between  alumina  and  silica  also  influence  fusi- 
bility to  an  extraordinary  degree.  The  confusion  is  still  in- 
creased by  a  fact  of  the  greatest  consequence  which  is  that  in 
clays  we  are  dealing  not  with  a  single  chemical  combination  or 
a  solution  of  chemical  compounds,  one  in  the  other,  but  with  a 
more  or  less  intimate  mechanical  mixture,  which,  in  the  strict 
sense,  cannot  be  expressed  by  a  chemical  formula ;  moreover, 
the  physical  state  of  the  components  prevents  the  transformation 
of  the  mass  into  a  single  homogeneous  compound,  until  the  clay 
has  been  fused  to  a  glass ;  that  is,  until  all  the  components  of 
the  clay  as  given  by  the  rational  or  mechanical  analysis,  have 
lost  their  identity. 

Bischof  is  therefore  right  in  emphasizing  repeatedly  in  his 
articles  on  the  subject  that  the  agreement  between  the  theoretical 
fusibility  found  from  the  chemical  composition,  and  the  actual 
fusibility  found  by  tests,  holds  good  only  when  the  firing  tem- 
perature is  very  high,  ^ at  least  the  fusing  temperatures  from 
wrought  iron  to  platinum,  temperatures  such  as  never  occur  in 
practice,  and  at  which  all  clays  except  the  most  refractory, 
would  be  practically  melted. 

Hence,  with  the  exceptions  discussed  above,  Bischofs 
method  will  at  most  establish  only  what  heat  a  clay  will  with- 
stand before  becoming  a  glassy  mass.  It  does  not  at  all  permit 
conclusions  as  to  its  behavior  at  the  temperatures  commonly  used 
in  practice,  and  in  most  cases  far  removed  from  that  of  com- 
plete softening. 
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As  stated  before,  we  will  meet  great  difficulties  in  determin- 
ing in  a  scientific  manner  the  correspondence  between  composi- 
tion and  fusibility ;  the  influence  of  many  factors  has  not  been 
definitely  determined,  as  for  instance,  difiFerences  in  the  physical 
condition,  differences  in  the  fluxes  whether  consisting  of  potash, 
soda,  lime,  iron,  and  in  what  proportion  present  These  must 
consequently  be  neglected.  It  is  therefore  evident  that  the  the- 
oretical refractoriness  can  be  determined  only  approximately, 
especially  as  the  point  of  fusion  of  a  clay  cannot  be  definitely 
fixed.  Bischofs  method,  nevertheless,  furnishes  grounds  for 
comparison  and  thereby  becomes  of  some  value.  If  we  assume 
that  it  is  true  for  all  combinations  of  silica,  its  value  will  be 
positively  increased,  if  it  is  not  applied  to  the  mechanical  mix- 
ture of  clay,  but  to  the  separate  constituents,  as  the  quartz  and 
mineral  fragments,  and  the  other  admixtures,  which,  taken 
separately,  are  homogeneous  chemical  compounds  of  definite 
fusing-point  and  properties.  On  the  other  hand,  to  speak  of  the 
fusing-point  of  the  clay,  is  really  out  of  the  question.  Applying 
BischoPs  refractory  law  to  the  separate  components  of  clays  — 
as  furnished  by  the  rational  analysis  with  sufficient  exactness  for 
practical  needs,  although  not  with  scientific  rigor  —  we  can  de- 
termine in  what  ratio  the  portions  easily  fusible,  stand  to  the 
infusible  ones  that  preserve  the  external  shape  of  the  object ; 
also  what  relative  resistance  these  will  offer  to  the  effects  of  heat, 
and  what  internal  chemical  changes  of  influence  in  the  vitrifica- 
tion can  be  foreseen. 

Although  Bischofs  refractory  law  suffers  a  restriction  in  its 
application,  it  can  be  given  a  larger  scope  in  a  direction  that  is 
of  more  value  to  practice. 

Let  us  examine  Bischofs  refractory  law  for  clays,  by  which 
a  numerical  expression  is  obtained  from  the  chemical  composi- 
tion. We  will  not  speak  of  the  extensive  experiments  con- 
ducted by  Bischof  and  Richters  to  determine  the  effect  of  the 
chemical  constituents  on  the  fusibility  of  clays,  although  in  some 
respects  of  historical  importance.  A  summary  of  the  results,  so 
valuable  to  the  ceramic  industries,  will  suffice. 

All  clays,  aside  from  their  mineralogical  composition,  con- 
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sist  of  silica,  alumina,  fluxes  (potash,  soda,  lime,  magnesia,  the 
oxides  of  iron),  and  water.  The  last  one  and  any  organic  mat- 
ter present,  do  not  enter  into  the  consideration  of  refractoriness ; 
but  the  iron  oxide,  in  many  respects  allied  to  alumina  in  its 
properties,  must  be  considered  at  high  temperatures  as  an  active 
flux. 

The  experiments  of  Bischof  and  Richters  have  shown  that: 

1.  The  degree  of  refractoriness  of  clays  depends  on  the  ratio 
which  the  fluxes  bear  to  the  refractory  elements,  the  silica  and 
the  alumina. 

2.  The  various  substances  that  act  as  fluxes,  exert  a  fluxing 
influence  in  the  ratio  of  their  equivalent  (combining)  weights ; 
hence  20  parts  of  magnesia  have  the  same  efiFect  as  28  parts  of 
lime,  31  parts  of  soda,  36  parts  of  ferrous  oxide,  47  parts  of 
potash,  etc. 

3.  The  same  amount  of  fluxes  exerts  a  greater  fluxing  action 
on  the  clay  when  it  is  high  in  silica  than  when  it  is  high  in 
alumina.  ^— — - 

4.  The  essential  factor  is  the  ratio  between  the  silica  and 
the  altmiina;  clays  are  more  refractory,  as  a  rule,  the  more 
aluminous  they  are. 

5.  If  the  alumina  is  very  low,  it  acts  as  a  flux. 

Bischof  combines  the  figures  of  the  analysis ;  he  calculates 
the  ratio  of  the  silica  and  the  alumina  (first  casting  the  different 
per  cents  into  atomic  expressions  by  dividing  by  the  respective 
combining  weights)  to  the  sum  of  the  fluxes,  taken  as  unity, 
and  next  the  ratio  of  the  silica  to  the  alumina. 

For  example,  the  well-known  Zettlitz  kaolin  consists  of 

17.30810,:  12.82  Aip^:  I  RO  (fluxes). 

Hence  the  ratio  between  silica  and  alumina  is  1.35  :  i. 
He  puts  this  into  one  expression  by  writing  the  pyrometric 
formula  as  follows : 

I2.82(A1P3,  1.35  SiOJ  +  iRO. 

From  these  figures  he  obtains  a  single  expression  by  divi- 
ding the  ratio  of  the  silica  into  the  ratio  of  the  alumina  to  the 

32 
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fluxes    (in  this  0886-^  =  9.49) ,  and  these  last  figures  are 

Styled  the  refractory  quotient' 

The  number  thus  obtained  from  the  analysis  by  computa- 
tion, indicates  the  place  which  a  clay  will  occupy  in  the  scale 
of  refractoriness.  The  smaller  it  is,  the  less  refractory  the  clay. 
When  it  is  less  than  one,  or  is  a  proper  fraction,  Bischof  no 
longer  regards  the  clay  as  refractory,  or  as  a  fire-clay,  and  now 
obtains  another  number,  named  the  "  fusibility  quotient"  This 
is  found  by  multiplying  the  alumina  ratio,  by  the  silica  ratio; 
the  number  thus  obtained  grows  larger  as  a  clay  is  more  fusi- 
ble. The  object  has  been  to  express  in  a  single  number  what 
the  experiment  has  revealed  of  the  relations  between  silica,  alu- 
mina, and  the  fluxes.  Taking  these  figures  for  expressions  of 
refractoriness  or  fusibility,  as  Bischof  means  them  to  be,  let  us  ex- 
amine them  in  reference  to  their  increase  or  decrease,  to  see  how 
far  the  results  of  the  experiment  have  been  expressed. 

Following  Bischof  by  expressing  the  facts  of  the  analysis  of 
a  clay  by : 

RO:aA1.0^:ASiO,, 

the  ratio  of  the  silica  to  the  alumina  would  be  — ,  and  the 
pyrometric  formula  would  be 

a  ( Al,03,  4  •  SiO.)  +  RO. 
His  refractory  quotient  (R.  Q.)  would  therefore  be 

the  fusibility  quotient  (F.  Q.)  for  clays  fusing  easily  would  be 

F.Q.  =  4-  X  a  =  *. 

What  we  learn  from  this  is  that  Bischof's  refractory  quo- 
tient increases  as  the  square  of  the  alumina  ratio  and  decreases 
simply  with  the  increase  of  silica,  but  that  the  fusibility  quo- 

'  This  old  quotient  Bischof  has  replaced  by  a  new  one  in  which  only  the  oxy- 
gen of  the  elementary  oxides  is  used  as  a  basis  of  computation,  thereby  increasing  the 
result  threefold. 
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tient  expresses  only  the  relation  of  the  silica  and  fluxes,  SiO,:  RO, 
without  regard  to  the  alumina  content. 

Though  experiments  have  shown  that  an  increase  of  the 
alumina  content  contributes  in  a  high  degree  to  refractoriness, 
it  has  not  been  proved  that  this  takes  place  in  a  quadratic  ratio. 

The  value  of  the  R.  Q.  is  simply  dependent  on  the  value  of  -=- 

and  hence  on  the  relation  between  the  alumina  and  the  silica, 
but  the  absolute  amount  of  the  fluxes  as  opposed  to  the  infusi- 
ble oxides  is  not  expressed.  On  the  other  hand,  in  grouping 
the  figures  for  the  F.  Q.  for  clays  fusing  easily,  the  relation  in 
which  the  alumina  stands  to  the  other  substances  has  been 
entirely  eliminated  from  the  expression. 

It  is  at  once  obvious  that  the  mutual  relations,  experiment- 
ally obtained,  which  silica,  alumina,  and  the  fluxes  bear  to  the 
refractoriness  of  a  clay,  have  been  very  imperfectly  represented 
by  Bischof's  R.  Q.  and  F.  Q.  The  figures  thus  obtained  can 
therefore  be  of  service  only  in  the  comparison  of  clays  whose 
chemical  composition  does  not  vary  much,  and  only  the  fact  of 
increase  or  decrease,  not  the  rate  of  increase  or  decrease,  as 
Bischof  would  assume,  is  conclusive.  Besides,  in  the  case  of 
very  silicious  clays,  the  calculation  of  the  refractory  quotient,  as 
Bischof  has  admitted,  furnishes  results  incompatible  with  direct 
tests.  Bischof 's  R.  Q.  would  demand  that  with  a  steady  increase 
of  silica  the  refractoriness  would  be  lowered,  —  an  assumption 
that  is  contradicted  by  practical  experience.  Theory  and  prac- 
tice coincide  in  these  expressions  only  at  such  temperatures 
(it  is  necessary  to  repeat  this)  which  do  not  interest  practice, 
except  in  the  case  of  earthy  mixtures  used  as  glaze  materials. 

As  far  as  the  experiments  of  Bischof  and  Richters  will  per- 
mit us  to  draw  conclusions  on  the  refractoriness  of  silicates  of 
alumina,  both  on  compounds  purely  chemical  (clay  substance 
of  kaolins,  feldspar,  etc.),  and  with  less  reliable  results  on  very 
intimate  mixtures  in  which  chemical  action  is  not  too  much 
hampered  by  the  physical  condition  (clay  substance  of  the  im- 
purer  clays),  it  can  only  be  done  if  we  oppose  the  fluxes  to  the 
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sum  of  the  infusible  oxides  (silica  and  alumina)  and  multiply 
the  sum  of  the  two  oxides  by  the  ratio  of  the  alumina  to  the 
silica.  Thus  we  express  the  fact  that  refractoriness  rises  as  the 
alumina  increases,  and  falls  as  the  silica  increases.  The  simple 
ratio  cannot,  however,  be  taken,  as  both  substances  do  not  in- 

Al  O 
fluence  the  fusibility  to  the  same  degree,  but  the  value  ■§%-* 

must  receive  a  coefficient,  y^  that  expresses  by  how  much  the 
influence  of  alumina  exceeds  an  equivalent  amount  of  silica. 
Finally,  the  whole  expression  must  be  increased  by  another 
factor,  x^  that  expresses  the  varying  effect  of  number  and  kind 
of  fluxes  present. 

We  may  therefore  express  the  refractoriness  numerically  as 
follows  (and  the  experiments  bear  me  out  in  this)  by  grouping 
the  values  obtained  from  the  analysis  to  form  one  quantity : 

R.  Q.  (refractory  quotient)  =  4:  ( (a  +  V)y  -r-  j, 

where  a  again  represents  the  ratio  of  alumina,  and  b  that  of 
silica,  to  the  fluxes,  which  are  taken  as  unity.  The  value  of  x 
and  y  cannot  be  deduced  from  the  data  so  far  furnished  by  ex- 
periments. Omitting  the  unknown  variables,  we  can  obtain  an 
expression  valuable  only  for  relative  comparisons;  but  it,  at 
least,  exhibits  what  experiment  has  established  as  irrefutable, 
and  it  is  applicable  to  all  silicates  of  alumina  whether  fusing 
with  ease  or  difficulty.  The  expression  for  the  Zettlitz  kaolin 
cited  would  be : 

Pyrometric  formula  from  the  analysis  : 

12.82  Al.O^  +  17.30  SiO,  +  I  RO, 

T»      in,  /  O  I  V    12.82  30.10 

R.  Q.  =  (12.82  +  17-30)7^  ""  Ti?  =  ^^-^9- 

This  calculation  offers  the  additional  advantage  of  consider- 
ably higher  numerical  results,  whereby  the  differences  brought 
out  by  the  analytical  data  are  set  off  more  distinctly,  which  can- 
not be  said  of  BischoPs  calculation.  In  the  subsequent  exper- 
iments the  expression  calculated  in  this  manner  is  always  des- 
ignated as  R.  Q.  (S.)  while  that  according  to  Bischof  is  R.  Q.  (B.). 
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The  firing  tests  with  the  seven  kaolins,'  the  porcelain  body 
of  Charlottenburg,  four  stoneware  and  four  brick  clays,  which 
were  repeated,  were  conducted  somewhat  differently  from 
Bischof 's.  His  object  was  to  establish  the  absolute  resistance  of 
the  clays  to  high  temperatures,  while  I  endeavored  rather  to  note 
sharply  the  stage  where  fusion  just  begins, —  the  incipient  vitri- 
fication. 

Instead  of  Bischof 's  test-pieces  of  cylindrical  shape,  I  molded 
small  three-sided  pyramids  with  basal  edges  of  i  cm.  and  a 
height  of  3  cm.  in  a  metal  mold  of  accurate  workmanship. 
They  were  burned  at  a  low  heat  before  being  subjected  to  the 
tests.  Because  of  their  sharp  apex  and  edges  these  pieces  show 
any  changes  more  distinctly  than  do  Bischof's.  Eight  of  such 
pyramids  were  stuck  together  on  a  fire-clay  plate  for  the  test, 
repeatedly  exposed  to  heat  that  was  carried  higher  at  each  repe- 
tition, and  the  changes  they  had  undergone  were  noted  at  each 
repetition.  With  every  new  increase  of  temperature,"  those 
pieces  that  by  their  bending  had  shown  complete  softening  were 
omitted,  as  they  would  have  run  over  the  others  and  spoiled 
them. 

Bits  of  two  different  metals  placed  in  small  crucibles  of  Zett- 
litz  kaolin  in  the  center  of  the  ring  formed  by  eight  test-pieces, 
were  used  to  determine  the  temperatures  obtained.  The  metals 
employed  were :  brass (fusing-point  at  about  gcx)®) ;  silver  (1000°); 
copper  (1100°);  cast-iron  (1200°);  steel  (1400°);  wrought  iron 
(1600°) ;  platinum  (2500°).  The  temperatures  given  in  the  ap- 
pended tables  therefore  refer  to  the  f using-points  of  these  metals. 

The  results  of  the  fusion  tests  are  arranged  in  two  tables  : 
one  for  the  kaolins  and  the  other  for  the  potter's  and  brick 
clays ;  the  results  of  the  chemical  analysis  have  been  added  for 
reference. 


'  The  analyses  of  these  clays,  to^rether  with  pertinent  observations  and  de- 
ductions, are  given  in  the  chapteis  '*  On  the  Chemical  Constitution  of  Clays,"  and 
"Contribution  to  a  Better  Knowledge  of  the  Kaolins."  " On  the  Chemical  Consti- 
tution of  Plastic  Clays,"  also  bears  on  the  subject. 

*  Firing  to  temperatures  just  above  the  melting-point  of  wrought  iron,  was  con- 
ducted in  a  wind-furnace  fired  with  coke,  the  pieces  being  placed  in  a  small  round 
saggar.    For  higher  temperatures  a  Deville  furnace  like  Bischof 's  was  employed. 


Table  I.    Fusion  Tbsts 


Name 


X.  KAolia  from 
LedcU. 


Comporition  In 
percent* 


CUytutMt.   88.a6 
»par  8.66 

QvuirU  5.08 


a.  Kaolin  from 
Kottiken. 


ClaymitMt.   87.41 
Spar  6.19 

Quarts  6.40 


3.  KaoUnfrom     gS"*^  ^Jg 

Quarts  4.08 


4.  KaoUn  from 
ZettUts. 


Clayaubat  96.55 
}par  1. 15 

Quarts  9^ 


5.  KMliii  from    ^',""^  't^ 

Quarts  17.21 


I<ettin. 


6.  Kaolin  from 
Kaachkau. 


Claysnbtt.   78.51 
3par  a59 

Quartz  3oj9o 


7.  K.oUn  from     l^Sr"^'  ^V. 


Sennewits 


Spar 
Quarts 


8.  Porcelain  t>ody 
of  Royal  For 
celain 

Charlo  1 1  e  n- 
bnrg. 


Works  Spa 


0.75 
3550 


Claysubst.   54.93 

r  ai.56 

Quarts  23.52 


Temperature' 


(Silver  fused) 
looo^iioo^  C. 


Shape:  retained 
Surface:  dead 

Practure:  earthy,  dustinf  off 

Bdgei:  not  translucent 


Shape:  retained 
Surface:  dead 

Fracture:  earthy,  dusting  off 

Bdges:  not  translucent 


Shape:  retained 
Surface:  dead 

Fracture:  earthy,  dusting  off 

Bdges:  not  translucent 


Shape:  retained 
Surface:  dead 

Fracture:  earthy,  dusting  off 

Bdges:  not  translucent 


Shape:  retained 

Surface:  dead 

Fracture:  earthy,  dusting  off 

Bdges:  not  translucent 


Shape:  retained 

Surface:  dead 

Fracture:  earthy,  dusting  off 

Bdges:  not  translucent 


Shape:  retained- 
Surface:  dead 

Fracture:  earthy,  dusting  off 

Bdges:  not  translucent 


Shape:  retained 


Su 


ape:  r 
rtace: 


dead 


Fracture:  earthy,  somewhat 

harder 
Bdges:  not  translucent 


(Cast  iron  fused) 

1  J0l!P-I40C^  C. 


retained 
dead 

earthy,  somewhat 

harder 
not  translucent 


retained 
dead 

earthy,  somewhat 

harder 
not  tmnslucent 


retained 
dead 

earthy,  somewhat 

harder 
not  translucent 


retained 
dead 

earthy,  somewhat 

harder 
not  translucent 


retained,  shrink- 
age evident 

deSd 

denser  gi  ain,  hard- 
ly absorbent 

somewhat  transl. 


retained 

dead 

earthy,  dusting  off 

not  translucent 


retained 
dead 

earthy,  dusting  off 

not  translucent 


retained,  shrunk 
with  mat  luster 

almost  perf .  dense, 

conehoidal 
fairly  translucent 


1  Attention  is  called  to  the  fact  that  the  temperatures  approximated  are  taken  too  high 
according  to  later  researches.— Bd- 


WITH  THE  Kaolins 


Temperature 

R.Q.(S)R.Q.(B) 
ox  clay  sub- 
stance 

R.Q.(B) 

of 
whole 

(Steel  ftiMd) 
x4oOO-i6oo*»  C. 

(Wrought  iron  fused) 
above  x6oo*'  C. 

(Platinum  fused) 
asoo^C. 

retained 
dead 

conchoidal,   some- 
what vitreous 
hardly  translucent 

retained 
appears  barely 

glased 
vitreous,  slightly 

lustrous 
slightly  translucent 

somewhat  sagged 
glossy 

full  of  small  pores 

sharp,  fairly  trans. 

34.a6 

1504 

S.60 

retained 
dead 

conchoidal,   some- 
what vitreous 
hardly  translucent 

retained 
appears  barely 

glazed 
vitreous,  slightly 

lustrous 
slightly  translucent 

somewhat  sagged 
appears  barely 

glased 
full  of  small  pores 

somewhat  rounded 
fairly  translucent 

36.79 

16.12 

9-43 

retained 
dead 

oonchoidal,   some- 
what vitreous 
hardly  translucent 

retained 
appears  barely 

glased 
vitreous,  slightly 

lustrous 
slightly  translucent 

strongly  warped 
appears  barely 

glazed 
full  of  small  pores 

much  rounded, 
fairly  translucent 

ai.xa 

9.16 

6.46 

retained 
dead 

conchoidal,   some- 
what vitreous 
hardly  translucent 

retained 

more  mat  than 

those  above 
vitreous,  slightly 

lustrous 
slightly  translucent 

unchanged 
appears  barely 

glazed 
full  of  small  pores 

sharp,  fairly  trans. 

24.30 

10.64 

9.43 

retained 

dead 

conchoidal,  vitre- 
ous 
fairly  translucent 

retained 

somewhat  lustrous 
vitreous  and  con- 
choidal 
fairly  translucent 

much  warped  and 
sagged 

pitt^  glazed 

lull  of  small  pin- 
holes 

hardly  translucent 

14.09 

6.04 

3.00 

retained 

dead 

earthy,  still  absor- 
bent 
not  translucent 

retained 

dead 

still  somewhat  ab- 
sorbent 
hardly  translucent 

not  changed;  sharp 
edges 

pitted,  glased 

xuU  of  small  pin- 
holes 

hardly  translucent ' 

39.40 

12.72 

7.88 

retained 

with  mat  luster 

conchoidal,  very 

much  denser 
fairly  translucent 

retained 
somewhat  lustrous 

conchoidal,  dense 

fairly  translucent 

completely  run  and 
spread  as  white 
enamel    full    of 
holes 

10.98 

4.63 

1.97 

retained 

with  mat  luster 

perfectly  dense, 

like  china 
very  translucent 

retained 

somewhat  pitted, 
touch  of  glazing 
full  of  fine  pores 

•  less  translucent 

completely  spread 
as  a  compact 
glass 

translucent  green- 
ish white 

10.^9 

4.31 

1.3J 

Table  II.    Fusion  Tbsts  with 


Name 


I.  CUy  from 
Oreppln. 


Ct*y  miteUnce  7943 
Peldspathic 

minerals  6.a8 

SJnarts  t4.3p 


a.  Clay  from 
Lfegniu. 


Compoaitioii 
In  per  cents 


Temperatnrc 


Clay  substanoe  46.5a 
Peldspathic 

minerals  6.00 

Quarts  47.48 


3.  Clay  from 
Kottlken. 


lay  substance 
Peldspathic 

minerals 
Quarts 


4.  Clay  from 
I<edets. 


Clay  substance  62.03 
Peldspathic 

minerals  2.89 

Quarts  37.97 


5.  Clay  from 
Rathenow. 


Clay  sub.  64.13)  ^o. 
Peld.min.1a.70/  ^'^^ 
Quarts  37.  la 


6.  Pavinj 
clay  from 
Bockhom. 


7.  Pavins  brick  Q 
day  from  [^ 
Scnwarz 
hfitte. 


8.  Clay  from 
Christiania. 


7a.ai 

33'0O 


^JS^^'^SSSm^nllSfil    58." 

from    reia.  mm.  I4.0D  j    *^ 

Quarts  44.88 


toy  sub.  39.991  40.36 
Peld.  mm.  19.37  /  ^'^^ 
Quarts  50.64 


Clay  sub.  49.03  I 
Peld.  min.  3a.64 ) 
Quarts 


81.67 
18.33 


(Brass  fused) 
below  900^-ioaaP  C 


(Silver  fused) 
iooo°>iioaPC 


Shape:  retained 
Surface:  dead,  porous 
Practure:  earthy,    somewhat 
hard,  whitish  yellow 


hardly  altered 


Shape:  retained 
foregoing  | 


Shape:  retained 
Surface:  dead,  porous 
Practure:  earthy,    somewhat 
hard,  whitish  yellow 


hardly  altered 


Shape:  retained 

Surface:  dead,  porous  ,     v.-ji^  «it*«Mi 

Practure:  earthy,    somewhat    '     hardly  altered 

hard,  whitish  yellow 


Shape:  retained,  strongly  ab- 
sorbent 

Surface:  dead 

Practure:  earthy,  somewhat 
hard,  brick-red 


Shape:  retained,  strongly  ab- 
sorbent 

Surface:  dead 

Practure:  earthy,  somewhat 
hard,  brick-red 


Shape:  retained,  very  porous 
Practure:  earthy,  barely  coher- 
ing, brick-red 


Shape:  retained,  porous 
Practure:  earthy,    somewhat 
hard,  flesh-tinted 


hardly  altered, 

somewhat 

darker  red 


hardly  altered, 

somewhat 

darker  red 


hardly  altered, 

somewhat 

darker  red 


Shape:  retained 
Surface:  dead 
Practure:  nearly 
non-absorbent 
reddish  brown 


Pi^STic  AND  Brick  Clays 


R.Q. 


Temperature 


(Copper  fused) 
iiooP-iaoo**  C. 


Shape:  retained 

Surface:    mat  lus- 
ter, yellowish 
brown 

Fracture:  nearly 
non-absorbent 

Bdges:  slightly 
translucent 


As  before,  but 
deeper  brown 


Shape:  retained 
Surface:  dead 
Fracture:  earthy. 
stronglT  absorb- 
ent, yellowish 
white 


(Cast  iron  fused) 
1100^-1400®  C. 


3hape:  retained 


ISISf S^^!!?;,5«  ^  Surfacelslightly 


Fracture:  porous, 
distinct  grains 

Bdges:  not  trans- 
lucent 


(Steel  fused) 
1400P-X600®  C. 


Shape:  almost 
completely  re- 
tained 

Surf:  gray-brown 
gloss,  blistered 

Fracture:  finely 
porous 

Sages:  not  trans. 


(Wrought  iron 

fused) 
above  1600'^  C. 


R.Q.(S)R.Q.(B) 
of  clay  sub- 
stance 


Shape :   recogni 
zaole  but  badly 
swelled 

Bdges:  rounded 


Shape  somewhat 
sagged  and 
swelled 


Shape:  retained 


Shape:  retained 


ISSSi^SJ.^hit.  9»rf-«s?~<»>''"'-  s-L-fc- «»«»' 


ish  yellow 

Fracture:  earthy, 
absorbent 

Bdges:  not  trans- 
lucent 


glaxed 
Fracture  appears 

like  sugar 
Bdges  somewhat 

rounded 
Shape:  retained 


Shape:  retained 

Surface:  with  slight 
luster 

Fracture:  non-ab- 
sorbent 

Bdges:  somewhat 
translucent 


ish  yellow 
Fracture:  grains 
compacted,  bare- 
ly absorbent 
Bages:  slightly 
translucent 

Shape:  somewhat 

swelled 
Surface:  glazed, 

blisters 
Fracture:  fine 

pi^-holes 
Bages:  much 

rounded 


Shape:  swelled 

Surface:  slightly 
glazed 

Fracture:  brown- 
ish red,  vesicular 

Bdges:  fully  round 


Shape:  retained 
Surface:  slightly 

glazed 
Fracture:  highest 

density  of  grain, 

reddisn  brown, 

glossy 


Shape:  retained 
Surface:  dead 
Fracture:  nearly 
non-absorbent, 
reddish  brown, 
slightly  glossy 


Melted  to  slaggy 
ball  with  large 
vesicles 


Puffed  up  to  a 
spongy  mass 

Bdges:  disap- 
peared 


lossy 

Fract.:nighest 
density  of  grain 
(non-absorD.) 

Bages:  slightly 
translucent 


Shape:  retained 
Surface:  slightly 

glased 
Fracture:  with 

pore-like  holes 


Puffed  up  to 
riaceous  slag, 
full  of  large 
holes 


4.63 


3.31 


8.70 


Spread  to  a  gray 
enamel 


Kept  out 
of  test 


Spread  to 
brown  enamel 


Shape:  much 

sagged 
Surface:  glased 
Fracture:  sooria- 

ceous 
Bdges:  fully  round- 


Kept  out 
of^test 


3.29 


1.86 


1.07 


3.72 


whole 


1.30 


0.40 


a.03 


1.91 


0.59 


1.21 


0.71 


0.96 


0.63 


(4.17) 


0.5a 


(5.X2) 


0.19 


(«^) 


0.31 


(a.79) 
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On  comparing  these  results  with  the  data  of  the  analyses, 
it  becomes  evident  at  once  that  the  degree  of  vitrification  and 
that  of  the  final  softening  depend  on  the  substance  that  predomi- 
nates (that  is,  clay  substance),  but  that  the  refractory  influence  of 
the  latter  is  vitally  modified  by  the  amount  of  feldspathic  frag- 
ments, and,  in  case  the  quartz  is  accompanied  by  a  noteworthy 
amount  of  feldspathic  matter,  the  quartz  as  well,  The  clay  sub- 
stance of  the  several  kaolins,  assumed  by  Bischof  as  uniform  in 
refractoriness,  and  therefore  set  against  the  mineral  fragments 
simply  with  reference  to  the  amounts  present  but  neglecting  its 
refractory  quality,  varies  much  in  this  respect,  as  the  refractory 
quotients  run  from  36.79  to  10.29.  ^^  studying  the  results  of 
the  fusion  tests,  this  point  must  not  be  neglected,  as  this  compo- 
nent greatly  overshadows  the  others. 

Up  to  the  highest  temperatures  those  kaolins,  which  are 
nearly  or  wholly  free  from  feldspar,  and  whose  clay  substance  is 
highly  refractory,  have  fully  preserved  their  shape,  —  those  of 
Kaschkau  and  2^ttlitz ;  next  in  rank  are  those  that  with  a  clay 
substance,  equally  or  more  refractory,  contain  large  amounts  of 
substances  fusing  easily  as  spar  and  quartz,  etc.,  —  those  of  Le- 
detz,  Kottiken,  and  Tremosna ;  those  with  a  clay  substance  of 
lower  refractoriness  come  last,  —  those  of  Lettin  and  Sennewitz, 
which  latter  is  also  an  ingredient  of  the  porcelain  body  of  Char- 
lottenburg. 

Not  only  for  the  highest  temperatures  (rarely  obtained  in 
the  industries),  but  also  for  the  lower  degrees  of  heat  customary 
in  practice,  does  the  amount  of  feldspar  present  furnish  a  valu- 
able index  as  to  the  course  which  the  vitrification  will  take,  and 
especially  if  the  quartz  content  is  considered  in  connection 
with  it.  That  the  quartz  does  not  always  act  as  a  flux  is  proved 
by  the  tests.  Its  effect  commences  with  the  fusion  of  the  feld- 
spar which,  when  in  the  liquid  state,  is  capable  of  dissolving 
silica,  as  is  well  known,  and  in  this  manner  the  quantity  of  the 
fluxes  will  be  increased  ;  but  in  the  absence  of  feldspar  or  other 
substances  of  low  fusing-point,  it  imparts  higher  refractoriness 
to  the  kaolins,  as  shown  by  those  of  Sennewitz  and  Kaschkau  ; 
in  this  case  it  cannot  begin  to  act  as  a  flux  until  the  clay  sub- 
stance softens. 
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It  is  widely  held  that  the  porcelain  body  of  the  Royal 
Porcelain  Works  requires  a  high  finishing  heat,  perhaps  the 
highest  among  the  German  porcelains,  approaching  the  fusing- 
point  of  wrought  iron.  As  it  contains  the  kaolin  of  Sennewitz  as 
the  most  refractory  element,  whose  clay  substance  is  relatively 
more  fusible  than  the  same  constituent  of  other  kaolins,  we  may 
well  take  for  granted  that  the  clay  substance  of  all  materials  in- 
vestigated affords  in  the  amount  present  a  sufficiently  firm  skeleton 
to  preserve  the  shape  of  articles,  so  far  as  practical  requirements 
are  concerned,  and  that  only  such  porcelain  bodies  will  prove 
more  fusible  which  contain  a  large  percentage  of  fluxes.  It  will 
therefore  be  of  much  greater  practical  value  to  know  the  amount 
of  fluxes  naturally  contained  in  the  kaolins  than  to  know  their 
absolute  fusing-points. 

In  an  interesting  inquiry  on  the  part  that  quartz  plays  as 
an  ingredient  of  porcelain  bodies,  A.  Buenzli  (1876)  has  found 
with  the  aid  of  the  microscope  that  at  high  temperatures  feld- 
spar will  dissolve  a  considerable  quantity  of  silica  to  form  a 
clear  homogeneous  glass.  The  amount  of  dissolved  silica  in- 
creases with  the  rise  in  temperature  till,  in  the  finishing  heat  of 
the  porcelain  kiln,  it  is  equal  to  the  silica  originally  held  in 
combination  in  the  feldspar ;  it  is  likely  that  still  higher  heat 
will  further  increase  the  capacity  of  feldspar  of  dissolving  quartz. 
He  also  found  that  even  amorphous  silica,  which  is  more  easily 
attacked  than  quartz,  is  not  taken  up  at  all  at  temperatures  but 
little  exceeding  the  fusing-point  of  feldspar.  From  my  own 
observations  I  can  substantiate  this  result  According  to  these, 
reserved  for  a  later  report,  a  dissolving  action  of  feldspar  on  quartz 
was  not  positively  established  for  a  temperature  between  the  fus- 
ing-points of  cast  iron  and  steel,  but  it  was  found  to  be  very  pro- 
nounced at  a  greater  heat,  approaching  the  fusing-point  of  wrought 
iron,  and  the  combination  produced  a  glass  that  was  decidedly 
more  fluid  than  pure  feldspar  is  for  the  same  temperature.  But 
we  would  be  wrong  if  from  the  greater  fluidity  of  this  more  acid 
silicate  we  should  infer  an  easier  fusibility  (t.  e.y  an  earlier 
softening  for  a  mixture  of  feldspar  and  quartz);  still  we  may  take 
for  granted  that  when  chemical  action  between  feldspar  and 
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quartz  has  begun  at  a  sufficiently  high  temperature,  then  not 
only  the  greater  quantity  of  liquid  matter  but  also  its  increased 
mobility  must  have  an  influence  on  vitrification  and  the  loss  of 
porosity  ;  and  progressive  chemical  reactions  that  we  must  sup- 
pose as  occurring  between  quartz  and  clay  substance  at  still 
higher  temperatures,  Will  also  be  promoted. 

In  what  manner  feldspar  reacts  with  clay  substance,  if  it 
does  so  at  all,  has  not  as  yet  been  investigated  ;  from  analogies 
before  us  on  the  behavior  of  molten  glass  with  plastic  clays  and 
with  quartz  materials,  we  may  reason  that  either  no  reaction  takes 
place  or  it  is  much  weaker  than  between  feldspar  and  quartz.  It 
may  rather  be  assumed  that  clay  substance,  being  a  basic  sili- 
cate of  alumina,  has  a  strong  tendency  to  combine  with  more 
silica,  just  as  feldspar  does.  The  solid  state  of  both  bodies  at  very 
high  temperatures  is  an  obstacle  to  a  chemical  reaction  and  it 
is  shown  by  my  experiments,  as  well  as  by  those  of  Bischof  pre- 
viously published,  that  a  greater  heat  is  required  for  quartz  to 
exert  its  fluxing  action  if  the  clays,  taken  as  a  whole,  are  more 
refractory.  In  the  process  in  which  the  quartz  liquefies  the  re- 
fractory clay  substance,  the  content  of  feldspar  must  necessarily 
be  an  important  factor  as  the  latter  furnishes  a  solvent  for  the 
quartz  and  thus  brings  it  into  a  form  capable  of  reacting,  accord- 
ing to  general  chemical  principles.  The  greater  or  less  energy 
which  quartz  displays  as  a  flux,  will  therefore  depend  essentially 
on  the  amount  of  feldspar  that  accompanies  the  clay  substance 
in  the  kaolins. 

Prom  this  it  appears  that  as  regards  refractoriness,  neither 
the  quartz  alone,  nor  the  feldspar  by  itself,  will  turn  the  scales. 
This  depends  in  the  first  place  on  the  refractory  quality  of  the 
clay  substance.  The  first  two  can  lower  the  refractoriness  only 
according  to  quantity  and  proportionate  amounts  present. 

All  factors,  feldspar,  quartz,  and  clay  substance,  are  there- 
fore entitled  to  equal  consideration,  and  the  various  influences, 
now  opposing,  now  augmenting  each  other,  cannot  be  precisely 
expressed  by  one  value  (refractory  quotient),  even  if  it  can  be 
made  to  coincide  with  the  facts  in  some  cases. 

If  we  arrange  the  kaolins  tested  into  a  series  according  to 
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the  degree  of  softening  they  have  undergone  at  the  highest  tem- 
perature employed  (as  far  as  their  condition  will  permit  of  an  ob- 
jective comparison,  since  small  differences  and  accidental  changes 
are  liable  to  difiFerent  subjective  interpretations),  and  compare 
this  series  with  the  refractory  quotients  calculated  separately  for 
the  clay  substances  and  for  the  entire  clays,  we  are  able  to  ob- 
tain a  very  good  picture  of  the  influence  of  the  separate  compo- 
nents, even  though  from  the  nature  of  the  case  it  cannot  be  ex- 
pressed numerically.  The  kaolin  of  Kaschkau  is  most  refrac- 
tory,' and  the  body  of  Charlottenburg  is  the  least  refractory. 

On  the  whole,  this  series  agrees  with  Bischof  s  tests,  if  it  is 
borne  in  mind  that  the  diflFerences  among  the  kaolins  of  Zettlitz, 
Kottiken,  and  Ledetz  are  so  insignificant  as  perhaps  to  give  rise 
to  a  different  arrangement  in  the  hands  of  another  observer. 


R.  Q.  (S.) 

ofclAy 
substance 

R.Q.  (S.)    R.  Q.  (B.) 

of  the 

kaolin  as  a  whole 

Contents  in 

Feldspar 

Quartz 

Kaolin  of  Kaschkau 

29.40 

1956 

7.88 

0.59 

20.90 

Kaolin  of  ZeUlitz 

24.30 

22.54 

9-43 

1. 15 

2.30 

Kaolin  of  Kottiken 

36.78 

24.36 

9-43 

6.19 

6.40 

Kaolin  of  Ledetz 

34.26 

21.74 

8.60 

8.66 

3.08 

Kaolin  of  Tremosna 

21.12 

16.48 

6.46 

5.63 

4.08 

Kaolin  of  Lettin 

14.09 

9.56 

3.00 

8.70 

17.21 

Kaolin  of  Sennewitz 

10.98 

8.12 

1.97 

0.75 

35.50 

Charlottenburg  body 

10.29 

5.13 

1.31 

21.56 

23.52 

We  observe  that  the  refractory  quotients  of  the  clay  sub- 
stance in  the  kaolins  of  Kottiken  and  Ledetz  are  the  highest  of 
all,  and  that  the  same  is  true,  but  to  a  slightly  less  degree,  of 
the  kaolin  of  Tremosna.  If  they  occupy  only  the  third  to  fifth 
place  in  the  scale,  this  is  due  to  their  moderately  large  content 
of  spar  and  quartz.  Such  a  large  amount  of  spar  and  quartz 
is  capable  of  bringing  a  large  share  of  liquid  substance  into  the 
pores  at  lower  temperatures  and  thereby  facilitating  a  greater 

I  As  the  materials  of  the  crucibles  that  Seg^er  employed  in  the  experiments  did 
not  permit  firing  to  the  extent  of  complete  fusion  of  the  test-pieces,  it  must  remain 
an  open  question  whether  for  temperatures  of  actual  fusion  the  series  with  the 
kaolin  of  Kaschkau  at  the  head,  really  tells  the  truth.— Editors  of  German  edition. 
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mobility  of  the  clay  particles  at  the  higher  temperatures.  The 
kaolin  of  Kaschkau,  in  spite  of  its  lower  R.  Q.  and  the  high 
quartz  content,  lacks  the  vehicle  feldspar,  that  has  to  accompany 
quartz  to  make  it  a  flux,  and  hence  retains  its  first  place. 

The  refractory  quotients  of  the  clays  calculated  in  both  ways, 
after  all  show  a  sufficient  agreement  with  the  practical  tests ; 
and  we  may  recognize  that  the  assumption  of  a  homogeneous  or 
nearly  homogeneous  fluxing  (an  assumption  I  held  necessary  for 
the  application  of  the  quotients)  comes  true,  with  the  exception 
of  the  kaolin  of  Kaschkau. 

It  will  be  impossible  to  find  such  an  agreement  if  we  stop 
at  the  first  signs  of  fusion  at  lower  temperatures.  The  first  signs 
of  fusion  consist  in  a  hardening  of  the  mass,  and  next  a  shrink- 
age, a  condensing  of  the  grain,  the  fracture  becoming  conchoidal 
and  vitreous,  and  the  edges  translucent  Let  us  now  arrange 
the  kaolins  according  to  their  priority  in  exhibiting  these  signs 
and  we  see  that  their  succession  differs  from  that  of  complete 
fusion,  and  that  there  is  no  connection  between  the  two.  In  this 
table  the  kaolin  that  first  exhibits  the  signs  of  fusion  stands  at 
the  head,  and  so  on,  until  the  last  in  the  list,  which  is  last  to 
show  signs  of  fusion. 


Feldspar 

Quarts 

R.  Q.  (S.) 

R.  Q.  (B.) 

Body  of  Charlottenburg 

21.56 

23.52 

5.13 

I.3I 

Kaolin  of  Lettin    - 

8.70 

17.21 

9-56 

3.00 

Kaolin  of  Ledetz 

8.66 

3.08 

21.74 

8.60 

Kaolin  of  Kottiken 

6.19 

6.40 

24.36 

9.43 

Kaolin  of  Tremoena    - 

5.63 

4.08 

16.48 

6.46 

Kaolin  of  Zettlitz 

1. 15 

2.30 

22.54 

9.43 

Kaolin  of  Sennewitz  - 

0.75 

35.50 

8.12 

1.97 

Kaolin  of  Kaschkau 

0.59 

20.90 

19.56 

7.88 

Here  again  it  remains  a  question,  what  place  shall  be  as- 
signed to  the  kaolins  of  Ledetz,  Kottiken,  and  Tremosna  with 
reference  to  one  another,  as  differences  can  hardly  be  observed. 

In  this  table  the  effect  of  feldspar  is  very  pronounced.  It 
shows  that  the  lowering  of  the  temperature,  when  this  process  be- 
gins {t.  e.y  the  closing  of  the  pores,  the  changing  of  the  appearance 
of  the  fracture  to  vitreous,  the  translucency  of  the  edges),  and  the 
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intensity  of  its  action,  are  proportionate  to  the  amount  of  feldspar 
present,  and  stand  in  no  relation  to  the  absolute  refractoriness  of 
the  clay.  The  characteristic  behavior  of  the  separate  compo- 
nents will  serve  to  explain  this.  Accepting  the  normal  compo- 
sition of  feldspar  to  be  expressed  by  the  formula  RO  +  Al^O  + 
6  SiO,,  we  would  indicate  its  fusibility  by  the  number  (i  +  6)1/6  == 
1.16  R.  Q.  (S.).  The  refractory  quotient  of  the  clay  substance  in 
the  Sennewitz  kaolin,  the  most  fusible  of  the  lot,  is  expressed 
by  10.98  (or  10.29,  when  obtained  and  calculated  from  the 
porcelain  body).  A  great  interval  separates  these  values  :  the 
spar,  in  point  of  fact,  exhibits  pronounced  signs  of  softening  at  a 
temperature  lying  between  the  fusing-points  of  copper  and  cast 
iron,  but  the  Sennewitz  kaolin  does  not  show  the  least  signs  of 
fusion  at  a  considerably  higher  temperature.  Spar  must  hence 
begin  to  fuse  in  every  kaolin  in  which  it  is  present,  when  its 
fusing-point  is  reached.  By  filling  the  pores  according  to  its 
amount,  it  shows  its  eflFects  by  a  cementing  of  the  unf used  portion. 
The  quartz  does  not  enter  into  chemical  action  till  far  above 
the  fusing-point  of  feldspar,  which  dissolves  the  quartz,  as  we 
have  seen,  and  thus  increases  the  bulk  and  becomes  more  fluid. 
Hence  we  also  observe  that  the  compacting  of  grain  and  the 
translucency,  and  in  part  the  appearance  of  lustrous  surfaces,  in- 
crease proportionately  more  rapid  as  the  kaolin  contains  an 
abundance  of  quartz  along  with  the  feldspar.  By  referring  back 
again  to  the  large  table,  we  arrange  the  kaolins  with  reference 
to  the  signs  of  accelerated  fusing  action  in  the  order  of  rapidity, 
placing  the  body  from  Charlottenburg,  which  showed  the  most 
rapid  increase  of  vitrification,  at  the  head  : 


spar 

Quartz 

I ,  Body  from  Chadottenburg  - 

21.56 

23.52 

2.  Kaolin  of  Lettin 

8.70 

17.21 

3.  Kaolin  of  Ledetz 

8.66 

3.08 

4.  Kaolin  of  Kottiken 

6.19 

6.40 

5.  Kaolin  of  Tremosna 

5.63   ■ 

4.08 

6.  Kaolin  of  Zettlitz 

1.15 

2.30 

7.  Kaolin  of  Sennewitz 

0.75 

35.50 

8.  Kaolin  of  Kaschkau 

0-59 

20.90 
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It  is  to  be  observed  that  the  fluxing  action  of  the  quartz  de- 
pends essentially  on  the  presence  of  feldspar ;  but  in  those  kao- 
lins which  contain  very  little  or  no  spar,  it  stands  in  direct  rela- 
tion to  the  fusibility  of  the  accompanying  clay  substance.  This 
becomes  especially  striking  on  comparing  the  three  poorest  in 
spar: 


Kaolin  of  Sennewitz 
Kaolin  of  Zettlitz 
Kaolin  of  Kaachkau 


Clay  MibataBcc 


63.77 
96.55 
78.51 


QaarU 


[ 


f  clay  Mil 


35.50 

2.30 

20.90 


10.98 

24.36 
29.40 


The  kaolins  of  Sennewitz  and  Kaschkau  contain  the  least 
spar  and  the  most  quartz  ;  they  also  have  retained  the  porosity 
of  structure  longest  of  any,  and  at  the  earlier  stages  of  firing 
they  are  the  ones  most  difficult  to  vitrify.  Although  the  Sen- 
newitz kaolin  is  the  most  fusible  at  the  highest  temperatures, 
both  as  to  its  clay  substance  and  the  whole  mass,  it  does  not 
begin  to  vitrify  any  sooner  than  the  far  more  refractory  one  of 
Zettlitz,  which  is  nearly  pure  clay  substance  (96.55  per  cent). 
Prom  this  it  follows  that  the  fluxing  action  of  quartz  (which 
takes  place  very  rapidly  in  the  Sennewitz  kaolin  with  the  rise 
in  temperature,  because  of  the  great  quantity  present),  begins 
only  when  the  clay  substance  commences  to  soften.  In  the 
Kaschkau  kaolin  with  its  much  more  refractory  clay  substance, 
the  action  of  the  quartz  sets  in  correspondingly  later, — in  the 
Sennewitz  kaolin  below,  and  in  the  one  of  Kaschkau  abovei 
the  fusing-point  of  wrought  iron. 

Thus  the  varying  and  fusing  effects  of  quartz  find  a  natural 
explanation. 

The  changes  produced  by  a  progressive  rise  of  tempera- 
ture, have  been  discussed  very  fully  for  the  kaolins,  as  they  are 
exhibited  here  more  distinctly  and  simply  than  is  the  case  when 
noting  the  same  changes  in  impurer  materials,  —  the  secondary 
deposits  of  plastic  and  brick  clays. 

In  the  kaolins  the  same  mineral  components  (quartz,  feld- 
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spar,  and  clay  substance)  occur  together;  their  characteristic 
properties  vary  but  little,  notwithstanding  diversities  of  the 
mother  rocks,  and  their  proportionate  amounts  can  be  deter- 
mined with  almost  scientific  exactness. 

The  kaolins  vary  but  little  in  physical  properties  and,  when 
washed,  are  all  of  the  same  plasticity,  of  almost  the  same  hard- 
ness after  a  soft  burn,  of  the  same  color,  etc.  They  furnish  a 
good  subject  for  the  experiment,  because  the  changes  they  ex- 
hibit are  identical  and  differ  only  in  degree. 

In  the  impure  clays  (the  plastic  and  brick  clays)  the  condi- 
tions are  much  more  complicated.  Here  that  portion  designated 
as  clay  substance  is  not  a  purely  chemical  compound  of  nearly 
uniform  composition,  as  in  kaolins,  evei^i  though  physically 
homogeneous.  It  is  not  produced  from  the  decomposition  of 
a  single  well-known  mineral.  It  may  be  a  mixture  derived  from 
the  weathering  of  various  very  unlike  minerals  and  accompanied 
by  minute  undecomposed  rock  fragments  —  fragments  that  share, 
with  the  products  of  chemical  decomposition,  the  distinguishing 
quality  of  dissolving  in  sulphuric  acid.  The  truth  of  this  applies 
to  clays  in  proportion  as  they  are  denominated  more  impure. 
That  portion,  also,  described  as  "feldspar,"  will  not  always  be 
identical  with  the  substance  of  the  same  name  in  kaolins ;  it 
will  consist  largely  of  other  mineral  detritus  which  has  merely 
the  high  percentage  of  silica  in  common  with  spar,  and  for  that 
reason  is  not  decomposed  by  sulphuric  acid.  These  clays,  now 
to  be  discussed  at  length,  differ  from  one  another  in  a  variety  of 
ways :  in  plasticity,  hardness  after  drying  and  soft  burning,  size 
of  grain,  color,  and  the  total  absence  of  translucency  in  the  case 
of  some  when  vitrified. 

It  is  obvious  that  the  phenomena  accompanying  the  pro- 
cess of  fusion  do  not  permit  of  so  lucid  an  insight  into  the 
influence  exerted  by  the  mechanical  constituents.  We  will  also 
see  that  they  are  less  adapted  for  establishing  direct  comparisons, 
and  that  single  indications  may  be  confusing,  especially  since  the 
rational  analysis  in  these  clays  does  not  furnish  such  definite  data 
with  regard  to  their  composition  as  were  obtained  from  the 
kaolins, 
as 
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The  rational  analysis  nevertheless  o£Fers  fairly  good  expla- 
nations for  what  takes  place  in  burning,  as  we  shall  see  from  the 
following  firing  tests. 

In  the  more  fusible  clays  (the  plastic  and  brick  clays),  the 
separate  components  present  conditions  of  fusibility  that  depart 
very  much  from  those  found  in  the  kaolins. 

In  the  latter,  the  clay  substance,  both  with  respect  to  quan- 
tity and  its  high  refractoriness,  constitutes  the  material  that 
composes  the  stable  framework  which  preserves  the  shape  of  the 
object,  while  the  feldspathic  matter  preeminently  induces  a  com- 
pacting of  the  mass  (the  closing  of  pores)  by  reason  of  its  rela- 
tively low  fusing-point  The  finely  divided  quartz,  always 
present,  e£Fects  noW  an  increase  of  fluxing  substance,  and  again 
an  increase  in  refractoriness,  according  to  the  presence  or  ab- 
sence of  feldspar. 

With  the  plastic  less  refractory  clays  (especially  the  lignite 
clays)  the  internal  infusibility  between  clay  substance  and  min- 
eral fragments  is  much  less  than  in  the  same  components  of  the 
kaolins.  In  respect  to  the  refractory  quotient  the  clay  substance 
of  the  kaolins  ranges  from  36.29  to  10.29,  ^  against  8.70  and 
3.29  in  the  plastic  clays.  That  of  feldspar  may  be  taken  as  1.16. 
For  this  reason  the  influence  of  feldspar  will  be  less  apparent  here 
than  in  the  kaolins ;  the  clay  substance,  because  of  its  earlier 
softening,  will  take  a  more  active  part  in  the  vitrification  than  it 
does  in  the  kaolins.  The  quartz,  on  the  other  hand,  will  here  act 
less  as  a  flux  than  in  the  kaolins,  because  the  clay  will  have 
softened  and  lost  its  shape  before  reaching  the  degr^  of  heat 
necessary  to  induce  a  chemical  action  of  the  feldspar  on  quartz. 
Hence,  quartz  will  raise  the  fire-resisting  qualities  of  a  clay 
relatively  more,  the  lower  the  clay,  as  a  whole,  stands  in  the 
refractory  scale. 

Passing  down  to  the  most  fusible  clays,  the  brick  clays,  we 
find  that  the  clay  substance  hardly  differs  in  fusibility  from  that 
of  the  feldspathic  portion ;  instances  might  no  doubt  be  found 
where  the  former  serves  as  flux  and  the  contents  in  feldspar  in 
conjunction  with  the  quartz  constitute  the  rigid  frame.  Here,  at 
all  events,  quartz  plays  the  leading  part  in  preserving  the  shape. 
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This  fact  becomes  very  plain  in  studying  the  fusion  tests  repre- 
sented in  the  second  table. 

Let  us  institute  comparisons  between  the  four  similar  clays 
from  Greppin,  Liegnitz,  Kottiken,  and  Ledetz,  all  low-grade 
fire-clays  for  stoneware,  on  the  one  hand,  and  between  the  four 
highly  fusible  ferruginous  brick  clays  from  Rathenow,  Bockhom, 
Schwarzhiitte,  and  Christiania,  which  to  some  extent  are  manu- 
factured into  excellent  pavers,  on  the  other. 

Tabulating  the  stoneware  clays,  as  was  done  with  the 
kaolins,  according  to  their  degree  of  softening  in  the  highest 
heat  employed,  the  Kottiken  clay  stands  first,  and  that  from 
Ledetz,  the  most  fusible,  last.  Let  us  compare  the  results  with 
the  refractory  quotients. 


R.  Q.  (S.)    R.  Q.  (B.) 
of  clay  substance 

R.  Q.  (B.) 
of  whole 

Clay 
substance 

Feldspar 

Quarts 

Kottiken  clay 
Greppin  clay 
Liegnitz  clay 
Ledetz  clay 

8.70 
4.63 
3.31 
3.29 

372 
1.86 

1.07 

I.9I 

2.03 

1.30 
0.40 

0.59 

72.21 
79.42 
46.52 
62.03 

4.73 
6.28 

6.00 

2.89 

23.06 

14.30 

47.48 
35.08 

From  the  above  it  appears  that  Bischof 's  method  of  calculating 
the  refractory  quotient,  whether  applied  to  the  clay  as  a  whole 
or  to  the  clay  substance,  does  not  give  a  value  consistent  with 
experimental  results,  but  that  mine  fairly  shows  the  relative 
position  of  the  clays.  The  necessity  of  applying  the  calculation 
to  the  separate  components  is  much  greater  here  than  with  the 
kaolins.  According  to  Bischof 's  scale,  the  clay  of  Ledetz  would 
rank  third,  while  in  fact  it  occupies  fourth  place.  The  test 
shows  what  I  have  formerly  emphasized, — ^that  the  refractory 
quality  of  the  major  constituent,  the  clay  substance,  is  the  main 
factor  in  determining  complete  softening  in  heat,  and  that  the 
mass  will  soften  and  slag  less  in  proportion  as  the  quartz  in- 
creases, because  of  its  thickening  and  stiffening  effect.  This  is 
well  brought  out  in  the  clays  of  Liegnitz  and  Ledetz,  for  the  clay 
substances  of  each  are  of  nearly  the  same  fusibility,  but  the  first 
of  these  contains  a  much  larger  portion  of  quartz. 


5i6 


RBPRACTORY  WARES 


If  we  next  note  the  first  indications  of  vitrification,  we  see 
that  feldspar  gives  rise  to  no  differences.  The  amount  present 
does  not  vary  much  in  these  cases;  and  the  question,  what 
would  be  the  result  if  the  amounts  varied  more,  is  an  open  one. 
Here  again  it  is  the  clay  substance  which,  by  its  greater  or  less 
fusibility,  produces  the  signs  of  vitrification. 

Tabulating  the  clays  according  to  ease  of  softening,  and 
beginning  with  the  one  that  first  shows  distinct  signs  of  vitrifica- 
tion, the  order  is : 


Ledetz  clay 
Greppin  clay 
Kottiken  clay 
Liegnitz  clay 


R.  Q.  (S.) 
of  day  snbaUaoe 


3.29 
4.63 
8.70 


AmooBt  of  quarts 


35.08 
14.30 
2303 
47.48 


It  will  be  seen  that  incipient  vitrification  and  the  fusibility 
of  the  clay  substance  correspond  in  the  first  three  clays ;  and 
that  only  the  Liegnitz  clay  forms  an  exception.  This  is  easily 
explained  by  its  large  amount  of  quartz,  which,  by  hindering  the 
compacting  of  grain,  acts  in  a  contrary  direction  to  clay  sub- 
stance and  feldspar. 

Let  us  in  conclusion  turn  to  the  brick  clays  and  compare 
the  refractory  quotients  of  their  clay  substance  with  the  fusibility 
of  the  clays  as  shown  by  the  fusion  tests.  We  begin  with  the 
most  refractory. 


R.  Q.  (8.) 
of  clay  rabsUoce 


Brick  clay  from  Schwarzehiitte 
Brick  clay  from  Bockbom 
Brick  clay  from  Rathenow 
Brick  clay  from  Christiania  - 


0.69 
1.44 
1. 21 
0.96 


Qnatts 
Per  cent 


50.64 
44.06 
27.17 

18.33 


The  position  of  these  clays  in  the  scale  can  no  longer  be 
determined  by  calculating  the  refractory  quotients  of  the  respec- 
tive clay  substance.     The  manner  of  obtaining  the  values  is  at 
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fault.  It  will  be  remembered  that  some  factors  had  to  be 
neglected  because  their  value  has  not  been  established.  These 
are  the  comparative  fluxing  values  of  alumina  and  silica,  and  the 
number  of  fluxes,  and  in  what  proportionate  amounts  they  are 
present. 

In  the  case  of  the  refractory  clays  these  factors  were  justi- 
fiably neglected :  there  the  proportion  of  alumina  to  silica  in 
the  clay  substance  varies  only  within  narrow  limits,  and  the 
fluxes  are  of  a  very  subordinate  quantity.  The  clay  substances 
of  the  clays  of  easy  fusibility,  however,  contain  amounts  of 
alumina  and  silica,  which  vary  widely  in  ratio,  and  the  fluxes, 
while  varying  greatly  in  nature,  constitute  a  large  share  of  the 
whole.  Furthermore,  some  of  the  latter,  as  for  instance  the 
iron,  may  be  present  in  the  form  of  a  natural  admixture  and  not 
in  chemical  combination. 

Here  the  calculated  values  will  have  to  be  considered  more 
as  mere  approximations  than  was  done  before,  and  values  differing 
but  little  can  not  be  looked  upon  as  reliable  guides  to  fusibility. 
The  figures  might  tell  us  approximately  that  the  clay  substance  of 
the  four  brick  clays  is  about  as  fusible  as  the  feldspathic  portion. 

With  this  fact  as  premise,  the  clay  substance  and  feldspathic 
portion  in  each  of  the  four  brick  clays,  would  soften  almost 
simultaneously,  and  the  quartz  would  furnish  the  rigid  frame. 
This  is  clearly  expressed  in  the  behavior  of  the  clays.  Those  of 
Schwarzehiitte  and  Bockhom  are  favorably  known  as  suitable 
for  paving  brick  that  stand  up  well  in  the  fire ;  they  are  highest 
in  free  silica  (not  as  sand  in  the  common  acceptance  of  the  term, 
but  present  in  a  finely  divided  state  similar  to  clay  substance), 
and  as  it  is  least  affected  by  heat,  it  enables  the  mass  to  retain 
its  shape.  In  proportion  as  this  quartz  grows  less,  the  clays 
lose  the  property  of  vitrifying  and  preserving  the  form  under  heat. 

Stated  in  brief  the  results  of  the  experiments  and  the  theo- 
retical discussions  are  as  follows : 

I.  To  express  refractoriness  numerically  is  permissible  only 
on  the  supposition  that  all  particles  of  the  clay  unite  to  form  a 
single  chemical  compound ;  such  a  number  deduced  from  the 
figures  of  the  gross  analysis  can  therefore  only  tell  us  how  the 
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clay  behaves  at  the  close  of  complete  fusion  but  not  at  tempera- 
tures of  mere  vitrification. 

2.  A  numerical  expression  for  refractoriness  is  still  admissi- 
ble for  the  separate  mineralogical  components  which  are  chemi- 
cally homogeneous^  and  it  enables  us  to  estimate  the  behavior 
of  clays  at  those  lower  temperatures  that  are  of  prime  import- 
ance in  the  industries  where  the  clays  are  not  expected  to  fuse. 

3.  Bischofs  method  of  computing  the  refractory  quotient 
does  not  express  everything  that  has  been  established  experimen- 
tally as  to  the  mutual  influence  of  the  elementary  oxides  present 
in  clays ;  the  one  proposed  by  me  and  applied  only  to  the  sep- 
arate mineral  constituents  harmonizes  better  with  the  experi- 
mental result  as  far  as  deductions  from  it  are  at  all  possible. 

4.  Bischofs  values  as  well  as  mine  are  but  approximations, 
since  factors  essential  in  the  fusing  process  have  not  been  defi- 
nitely found  and  must  be  neglected  in  the  calculations. 

5.  The  preservation  of  the  shape  of  clay  wares,  is  pre- 
eminently determined  by  the  refractory  quality  of  that  one  com- 
ponent which  constitutes  the  larger  portion  of  the  mass  and  fur- 
nishes the  stable  frame  whose  interstices  receive  the  molten 
particles.  This  frame  as  a  rule  consists  of  the  clay  substance  in 
the  kaolins  and  fire-clays. 

6.  A  content  of  feldspar  in  clay  promotes  its  vitrification. 
Quartz  assists  the  fluxing  action  when  feldspar  is  present  and 
also  when  the  temperature  has  been  exceeded  at  which  the  clay 
substance  commences  to  soften ;  otherwise  it  adds  to  the  por- 
tion tending  to  preserve  the  shape.  In  the  fire-clays  of  low-grade, 
therefore,  quartz  no  longer  acts  as  a  flux  but  as  an  aid  to  rigidity ; 
in  the  brick  clays,  whose  content  of  feldspathic  matter  and 
clay  substance  are  of  nearly  the  same  fusibility,  quartz  serves 
primarily  and  almost  exclusively  to  preserve  the  shape. 


The  Effect  of  Titanic  Acid  on  the  Fusibility  of  Fire-Clays 


Otto  Hbnsbi.,  Translator 

Titanic  acid  is  often  found  in  considerable  quantities  in 
shales  and  bauxites,  and  its  influence  on  their  fusibility  has  not 
been  suflSdently  ascertained.  In  its  properties  closely  akin  to 
silica,  it  easily  escapes  determination,  if  not  especially  looked  for ; 
the  greater  portion  is  contained  in  the  silica.  The  fact  that  it 
is  usually  present  in  but  minute  quantities  and  its  direct  deter- 
mination a  difficult  and  intricate  operation,  are  likely  the  reasons 
why  in  most  clay  analyses  it  is  not  mentioned  as  a  separate  ele- 
ment, although  it  is  certainly  present  in  very  many  clays. 

When  the  analysis  of  a  bauxite,  conducted  in  our  chemical 
laboratory  for  the  clay  industries,  showed  6.34  per  cent  of  titanic 
acid,  it  was  thought  advisable  to  look  into  the  pyrometric  prop- 
erties of  this  element.  The  following  experiments  have  been 
carried  out  with  the  assistance  of  Mr.  Cramer.  Nearly  pure 
clay  substance  (Zettlitz  kaolin  with  98.5  per  cent  kaolinite)  was 
mixed  on  the  one  hand  with  5  and  10  per  cent  silica,  respectively, 
and  on  the  other  with  equivalent  amounts  of  titanic  acid  (6.65 
and  13.3  per  cent),  each  mixture  well  ground  in  an  agate  mortar, 
formed  into  small  cones  and  all  were  fired  together  in  the 
Deville  furnace.  The  temperature  exceeded  the  melting-point 
of  wrought  iron  but  did  not  reach  that  of  platinum.  The  re- 
sults were  as  follows : 

1.  The  Zettlitz  kaolin  was  white,  nearly  non-porous,  edges 
translucent,  shape  fully  retained,  with  sharp  edges  and  dull  sur- 
face. 

2.  100  Zettlitz  kaolin  +  5  silica,  snowy  white,  somewhat 
absorbent,  edges  translucent,  fracture  like  china,  shape  fully  re- 
tained, surface  dull. 

3.  100  Zettlitz  kaolin  +  10  silica,  perfectly  white,  some- 
what more  absorbent  than  the  foregoing,  with  translucent  edges, 
almost  as  dense  as  porcelain,  surface  dulL 
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4.  100  Zettlitz  kaolin  +  6.65  titanic  acid.  Cone  has  bent 
over  to  some  extent,  vitrified  appearance  of  fracture,  dull  glazed 
surface,  dark  bluish  gray  color. 

5.  100  Zettlitz  kaolin  +13*3  titanic  acid.  Test-piece  has 
fused  to  a  dark,  bluish  gray  drop  of  enamel. 

Prom  this  it  appears  that  titanic  acid  does  not  rank  as  high 
in  pyrometric  respects  as  silica.  At  very  high  temperatures 
silica  must  be  considered  as  a  sort  of  flux,  but  titanic  acid  is  a 
decided  flux  at  those  temperatures  where  silica  still  gives  open- 
ness of  texture  to  the  body. 

Applied  to  practice  it  means  that  more  attention  should  be 
paid  to  the  presence  of  titanic  acid  in  the  analyses  of  fire-clays 
than  has  been  customary.  Even  if  present  in  small  amounts,  it 
may  be  of  consequence  in  conjunction  with  other  fluxes. 

Characteristic  is  the  dark  bluish  gray  color  shown  by  those 
pieces  that  contained  the  titanic  acid.  The  blue-gray  coloration 
assumed  by  some  clays  under  severe  firing  is  recalled :  the  con- 
tent of  iron  perhaps,  does  not  alone  produce  it,  for  some  clays 
with  more  iron  bum  completely  white.  Whether  this  is  due  to 
small  amounts  of  titanic  acid  must  be  left  to  further  investiga- 
tions. 


On  the  Composition  and  Fusibility  of  Several  Feldspars 


Otto  Hxhsbl,  Translator 

In  work  done  in  connection  with  the  fusibility  of  feldspars 
and  highly  fusible  clays,  contradictions  were  found  which,  on 
closer  study,  were  aggravated  by  direct  fusion  tests,  which  gave 
results  almost  contrary  to  the  law  formulated  at  another  occa- 
sion with  apparent  correctness  from  a  series  of  feldspars.  This 
occasioned  the  undertaking  of  the  following  work. 

Before  the  author  found  an  opportunity  to  investigate  the 
fusibility  of  feldspars,  Dr.  Bischof  had  published  a  series  of 
analyses  of  such,  from  which  he  considered  himself  justified  to 
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draw  the  following  deductions,  repeated  here  in  his  own  words  : 

1.  "  The  law  according  to  which  a  value  calculated  from 
the  chemical  composition  furnishes  the  index  to  the  fusibility  of 
a  feldspar,  and  which  has  now  been  verified  for  seven  instances, 
must  more  and  more  be  considered  of  general  application. 

2.  "  According  to  this  fusibility  quotient,  feldspars  may  be 
divided  into  two  groups,  one  more  fusible  or  more  acid  with  a 
higher  value,  and  the  other  more  difficultly  fusible,  or  less  acid, 
and  with  a  lower  value. 

3.  "  Variations,  especially  small  ones,  within  the  separate 
groups,  cannot  be  indicated  by  the  fusibility  quotient  with  suf- 
ficient exactness.  This  applies  particularly  to  the  group  more 
difficultly  fusible,  while  in  the  case  of  the  more  fusible  group, 
on  the  other  hand,  the  agreement  of  the  pyrometric  result  with 
the  value  leaves  nothing  to  be  desired." 

Without  desiring  to  question  the  correctness  of  the  observa- 
tions made  by  an  investigator  as  conscientious  as  Bischof ,  the 
deductions  derived  from  the  experiment  and  published  as  a  law 
of  universal  application,  seemed  assailable  for  two  cogent  reasons. 
The  fusibility  value  is  obtained  from  the  data  of  the  analysis  in 
the  same  manner  as  the  quotient  applied  by  Bischof  to  the 
highly  fusible  clays.  From  the  ratio  of  the  silica  and  alumina 
to  the  fluxes  and  that  of  the  silica  to  the  alumina,  Bischof  formu- 
lates a  single  expression  as  follows : 

a  AIP3  +  b  SiO.  +  RO  =  a  (Aip^  +  ^  SiO J  +  RO ; 
a,  the  ratio  of  Al^O^  to  RO  is  multiplied  by  — ,  the  ratio  of  silica 

_  N/  ft 

to  alumina.     But  this  fusibility  value, ,   expresses    merely 

the  ratio  of  silica  to  the  fluxes  (this  seems  to  have  entirely  es- 
caped Bischof  so  far  and  was  shown  by  me  in  a  former  article), 
while  the  ratio  of  the  alumina  to  the  fluxes  has  been  elimin- 
ated by  an  arbitrary  multiplication  and  division,  and  the  amount 
of  alumina  does  not  affect  the  number  at  all. 

According  to  that  law  an  increase  in  Bischof's  fusibility 
quotient  means  a  more  fusible  feldspar  but  a  less  fusible  clay 
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(having  reference  to  those  not  refractory).  To  assume  that 
materials  of  similar  properties,  and  often  approaching  each  other 
in  quantitative  composition,  would  exhibit  a  behavior  diamet- 
rically opposite,  seems  strange  and  one  is  inclined  to  doubt  his 
law  for  the  fusibility  of  feldspars.  Aside  from  this  contradic- 
tion, Bischof's  law  would  still  create  doubt  as  being  contrary  to 
practical  experience  in  respect  to  the  fusibility  of  glasses,  which 
are  distinctly  analogous  to  feldspars.  Glasses  become  less 
fusible  with  an  increase  of  silica,  other  things  being  equal,  and 
his  experiments  give  no  support  to  the  assumption  that  feld- 
spars become  more  fusible  with  an  increase  of  silica ;  further, 
more,  clays  of  easy  fusibility  behave  like  glasses,  and  feldspars 
occupy  a  position  midway  between  the  two. 

Hence  one  is  led  to  suppose  that  the  factors  taken  into  ac- 
count by  Bischof  in  computing  the  fusibility  quotients,  cannot 
perhaps  have  been  the  only  determinative  ones,  but  it  seems  that 
other  points  have  been  overlooked.  It  is  not  at  all  difficult  to 
find  at  least  one,  aside  from  others  of  some  possible  influence, 
and  that  is  the  nature  of  the  fluxes  present,  a  point  emphasized 
in  the  discussion  on  the  refractory  quotients  of  clays.  In  find- 
ing an  approximate  numerical  expression  for  the  refractoriness 
of  clays,  especially  for  the  fire-clays,  we  may  neglect  that  point, 
as  there  the  amount  of  fluxes  is  relatively  small,  but  it  is  diflFer- 
ent  in  the  case  of  feldspars  where  the  fluxes  constitute  a  large 
percentage  of  the  total.  Prom  the  analogy  of  the  glasses, 
drawn  before,  it  is  known  that  fusibility  depends  not  only  on 
the  proportion  of  fluxes  to  silica,  but  also  on  their  nature  and 
relative  amounts  of  the  different  ones.  From  the  very  banning 
the  same  influences  must  be  assumed  for  feldspars.  The  differ- 
ences in  the  nature  and  amounts  of  the  fluxes  that  are  present  in 
the  feldspars  examined  by  me,  happen  to  be  more  pronounced 
than  was  the  case  in  those  examined  by  Bischof  ;  and  that  may 
be  the  reason  why  the  results  of  the  experiment  do  not  agree 
with  Bischof's  law. 

The  feldspars  investigated  were  as  follows : 

I .  Flesh-tinted  feldspar  from  the  granite  of  Cbotoun  near 
Fragile; 
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la.  Grayish  white,  same  locality,  grown  in  with  the  former; 

2.  Whitish  feldspar  from  Bischoftdnitz  ; 

3.  Whitish  feldspar  from  Bischofteinitz  ; 

4.  Whitish  feldspar  from  Hagendorf  near  Weiden,  Bavaria; 

5.  Norw^an  feldspar  from  Royal    Porcelain    Works  at 

Charlottenburg. 

The  chemical  analysis  of  these  gave  the  following  results : 


X 

la 

2 

3 

4 

5 

Silica 

62.79 

63.21 

65.85 

64.67 

64.80 

64.98 

Alumina 

20.51 

22.93 

19.38 

20.14 

19.83 

19.18 

Ferric  oxide 

0.47 

0.45 

0.33 

0.25 

0.22 

0.33 

Barium  oxide 

2.83 

0.00 

0.00 

0.00 

0.00 

0.00 

Calcium  oxide 

trace 

3.62 

0.00 

0,00 

0.00 

trace 

Magnesium  oxide 

trace 

trace 

trace 

trace 

trace 

0.25 

Potassium  oxide 

9.44 

1.25 

II. 18 

"35 

11.63 

12.79 

Soditim  oxide 

4.08 

8.45 

3.74 

3.58 

3.23 

2.32 

Loss  on  ignition 

0.21 

0.59 

0.25 

0.36 

0.67 

0.48 

100.33 

100.50 

100.23 

100.35 

100.38 

100.33 

The  peculiarities  in  these  analyses  are  first  the  high  ba- 
rium content  in  the  flesh-tinted  feldspar  of  Chotoun,  to  my 
knowledge  never  found  to  such  an  extent  in  any  other,  although 
a  small  amount  of  barium  has  been  proved  by  A.  Mitscherlich 
to  exist  in  a  great  many  granites ;  and  second,  the  great  diver- 
gence of  the  white  feldspar  grown  in  with  the  first  one.  Accord- 
ing to  the  kind  of  fluxes,  feldspar  i  is  a  potash-soda-barium  and 
I  a  a  soda-lime  feldspar.  The  others  contain  principally  potash 
with  a  considerable  amount  of  soda. 

Calculating  the  ratio  of  the  fluxes  (including  the  iron  after 
reducing  it  to  equivalent  ferrous  oxide)  to  alumina  and  silica, 
according  to  Bischof's  method,  we  obtain  the  following  figures  : 

1.  RO  -f  1.05  Al,03  -I-  3.61  SiO.. 
la.RO  -f  1.02  Al.Oj  -I-  3.17  SiO,. 

2.  RO  +  1.03  Al.Oj  -I-  3.90  SiO,. 

3.  RO  -f  1.07  AI.O3  +  3.87  SiO., 

4.  RO  +  1.08  Al.Oj  +  3.97  SiO,. 

5.  RO  +  1. 01  Aip,  +  3.86  SiO,. 
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According  to  Bischof  the  relative  fusibilities  would  be  ex- 
pressed by 

I  la  a  3  4  5 

3.61  3.17  3.90  3.87  3.97  3.86 

By  Bischofs  law,  according  to  which  the  larger  value  indi- 
cates the  more  fusible,  and  the  smaller  the  less  fusible  materials, 
we  should  expect  that  i  and  la  would  be  the  most  difficult  ones 
of  the  lot  to  fuse ;  but  the  result  of  the  test  was  quite  di£Ferent 
I  For  the  fusion  test  regular  tetrahedrons  of  2  cm.  at  the 

I  edge  were  molded  from  the  powdered  spar,  first  with  an  ad- 

dition of  10  per  cent  of  Gruenstadt  clay  as  binding  material, 
next  with  starch  paste.  They  were  molded  by  hand  and  rubbed 
down  on  a  ground-glass  plate  till  perfectly  plane  surfaces  and 
straight  edges  were  obtained.  Six  of  such  pyramids  were  placed  in 
a  circle  on  a  plate  of  fire-clay,  covered  with  a  fire-clay  bell,  and 
placed  exactly  in  the  center  of  a  thick-walled  cylindrical  muffle. 
They  were  then  subjected  to  beginning  white  heat  with  coke 
and  forced  draught  After  several  repetitions  of  firing  under- 
taken to  equalize  any  possible  irregularity  in  the  heating,  the 
soda-lime  spar  la  proved  to  be  decidedly  the  most  fusible.  The 
trial  pieces  of  this,  both  those  with  dextrine,  as  well  as  those 
with  clay,  had  run  to  a  perfectly  spheroidal  drop  of  enamel  with- 
out any  resemblance  to  the  original  shape.  Next  ranged  the 
feldspar  containing  barium,  which  was  much  softened,  edges  and 
comers  having  disappeared,  but  the  form  of  the  drop  still  sug- 
gested the  original  tetrahedron.  The  other  trials  had  fully  pre- 
served their  shape,  but  the  mass  appeared  dense,  like  porcelain, 
strongly  translucent,  slightly  glazed,  and  with  slightly  rounded 
comers  and  edges.  DifiFerences  between  feldspars  2,  3,  4,  5  could 
not  be  recognized  definitely,  a  fact  traceable  to  their  almost 
identical  composition. 

If  the  silica  content  of  the  feldspars  alone  determined  the 
fusibility,  as  Bischof 's  law  actually  demands,  then  this  test  would 
prove  the  opposite  of  what  he  deems  to  have  established  by  a 
series  of  experiments  ;  for  in  this  case  it  is  not  the  most,  but  the 
least,  silicious  feldspars  that  show  the  earliest  fusion.     As  ex- 
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plained  in  a  former  article,  this  is  not  the  only  important  factor, 
but  there  is  another  factor  of  great  influence,  not  embraced  in  the 
value,  namely,  the  nature  of  the  fluxes  present  and  their  propor- 
tionate amounts.  Scientific  investigation  gives  us  no  information 
on  this  score ;  we  merely  know  from  the  experience  of  the  glass 
industry  that  potash  and  potash-lime  glasses  are  more  difficultly 
fusible  than  soda,  soda-potash,  and  soda-lime  glasses,  other  things 
being  equal,  and  that  as  a  rule  glasses  become  more  fusible  with 
an  increase  in  the  variety  of  the  fluxes  introduced.  Until  these  in- 
fluences have  been  determined  by  science  and  the  value  of  each 
flux  fixed,  we  must  be  content  with  comparison  by  direct  tests 
for  the  best  information  obtainable. 

For  this  reason  the  quotient  given  by  me  as  being  more  cor- 
rect in  indicating  the  fusibility  of  clays  and  similar  substances, 
cannot  be  used  for  making  comparisons.  It  represents  merely 
an  approximate  value,  for  it  neglects  the  nature  of  the  fluxes. 
The  refractory  quotients  would  be  as  follows  : 

1  la  2  3  4  5 

1-36         1.35         I-30        1-37         1.37         127 

and  mean  only  that  the  fusing-points  of  the  feldspars  lie  close 
together,  but  do  not  settle  the  question  as  to  which  is  the  more 
and  which  the  less  fusible. 


The  Determination  of  Refractoriness  of  Clays 


Otto  Hbnski.,  Translator 

The  pyrometric  testing  of  clays  is  at  present  (1888)  in  a 
stage  of  transition.  Bischof  employs  a  Deville  furnace  for  the 
test  and  subjects  the  specimens  to  a  heat  corresponding  to  the 
fusing-point  of  platinum  or  even  higher.  Many  others,  among 
them  myself,  have  since  adopted  this  furnace  for  the  tests.  Its 
construction  as  used  by  me,  agreeing  with  Bischof 's  specifications 
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except  in  some  minor  details,  is  as  follows :  A  thick  wiought- 
iron  plate,  B^  supports  a  hollow  fire-clay  cylinder,  A  encased  in 
sheet  iron.     Cylinder  A  has  a 
diameter  in  the  clear  of  1 1  cm. 
and  a  height  of   30  cm.     It  is 
continued  above  in  a  fire-day 
hood,  C,  also  encased  in  sheet 
iron.      Plate  B  is  perforated 
with     three    concentric    rows 
of  holes,  o,  of  5-6  mm.  each  ; 
in  the    center    is  a    larger 
opening,    b,    30    mm.    in 
diameter.       The    sheet-iron 
casing  of  the  furnace  extends 
about  10  cm.  below  the  perfo- 
rated plate  and  is  closed  at  the 
bottom  by  an  iron  plate,  Z),  sup- 
ported on  three  legs.  The  joint 
is  luted  air-tight  with  clay.    In 
the  lower  portion  of  the  furnace  is  an  opening,  c,  for  forcing  in 
air  by  means  of  a  pair  of  bellows.     The  air  rises  into  the  com- 
bustion chamber  above  through  the  small  holes  a.     The  open- 
ing b  receives  the  plug-like  projection  of  the  crucible  support  E 
and  holds  it  immovable  in  the  center ;  when  firing  is  finished,  it 
is  convenient  for  removing  the  ashes  into  the  space  below.     A 
crucible  of  40  mm.  outside  diameter  and  45  mm.  height,  centered 
on  the  support  by  means  of  a  little  plug-like  projection,  receives 
the  specimens  to  be  tested,  along  with  the  standard  clays  for 
comparison ;  the  samples  have  been  molded  into  small  tetrahe- 
drons or  prisms  (the  latter  being  used  by  Bischof),  and  stuck  on 
a  small  fireclay  disk.     Crucible,  support,  and  clay  lining  must 
consist  of  the  best  refractory  material :  I  employ  a  mixture  of 
equal  parts  of  Zettlitz  kaolin  and   Neurode  shale,   previously 
burned  in  a  porcelain  fire  and  picked  over.     A  piece  of  platinum 
always  accompanies  the  specimens  in  the  crucible.     Fire  is 
started  in  the  furnace  with  some  glowing  charcoal  and  then  the 
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fuel  proper  is  added.  Formerly  I  followed  Bischof  in  employing 
crushed  coke  for  that  purpose,  but  for  a  long  time  I  have  been 
using  retort  graphite  from  gas  works.  I  recommend  the  latter, 
for  it  has  an  advantage  in  that  it  leaves  less  than  o.i  per  cent  of 
ash,  while  coke  often  leaves  more  than  10  per  cent.  The  holes 
of  the  plate  are  therefore  not  so  liable  to  become  clogged  with 
cinders,  and  the  crucible  is  scarcely  attacked  by  them.  The  latter 
feature  may  become  extremely  disagreeable,  especially  when 
very  high  temperatures  are  attempted. 

The  clays  to  be  tested  along  with  the  standard  clays  and  a 
piece  of  platinum  are  thus  placed  in  the  crucible,  and  by  means 
of  forced  draft,  a  heat  reaching  the  melting-point  of  platinum  is 
produced.  The  appearance  which  the  wholly  or  partly  fused 
specimens  present,  when  compared  with  the  standard  clays, 
enables  us  to  assign  them  their  places  on  the  scale  of  fusibility. 
To  arrive  at  definite  results,  especially  to  find  what  standard 
clays  come  nearest  to  thase  in  question,  and  what  temperature 
is  the  right  one  for  bringing  them  to  the  same  stage  of  fusion, 
several  firings  are  required ;  three  or  four  are  sufficient,  as  a  rule. 

For  a  scale  of  fusibility  a  series  of  naturally  occurring  clays 
were  employed  by  Bischof.  They  are  extensively  known  from 
his  work,  "Die  feuerfesten  Thone,"  the  shale  of  Saarau,  the 
Zettlitz  kaolin,  the  clays  of  Stroud  Maiseroul,  Miilheim,  Griin- 
stadt,  Oberkaufungen,  and  Niederpleis.  I  also  employed  these 
clays  obtained  from  Dr.  Bischof,  in  my  tests. 

Bischof  always  utilizes  the  melting  of  a  bit  of  platinum  wire 
to  a  ball  as  a  second  indicator  of  a  definite  temperature  obtained, 
and  he  seems  to  consider  this  the  more  reliable  of  the  two.  I 
am  inclined  to  regard  this  as  a  sign  of  uncertain  value,  and  hold 
that  the  main  device  for  grading  specimens  in  the  scale  of  fusi- 
bility is  furnished  by  the  standard  clays  always  placed  with  the 
former  into  the  crucible,  for  platinum,  like  iron,  has  the  property 
at  a  high  temperature  of  absorbing  carbon  from  the  fire-gases  and 
thereby  fusing  at  lower  temperatures.  The  difference  in  the  melt- 
ing-point of  iron  with  a  varying  percentage  of  carbon,  as  wrought 
iron,  steel,  and  cast  iron,  is  well  known,  and  platinum  acts 
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similarly,  depending  on  the  amount  of  carbon  absorbed.  I,  too, 
always  place  a  bit  of  platinum  in  the  crucible,  but  have  observed 
that  at  one  time  the  specimens  and  standard  clays  showed  a  more 
advanced  state  of  fusion  while  the  platinum  had  not  run  to  a  glob- 
ule and  again  the  clays  were  evidently  less  fused,  but  the  platinum 
had  melted  completely.  The  same  thing  would  happen  even 
if  I  placed  it  in  tiny  crucibles  lined  with  pure  alumina,  as  was 
formerly  my  practice,  so  that  contact  with  clay  and  absorption 
of  silica,  which  acts  like  carbon,  catmot  be  the  cause  of  this 
irr^^larity. 

This  may  be  illustrated  by  some  examples.  A  brick  of  the 
best  refractory  material  is  subjected  to  the  highest  heat  obtaina- 
ble in  a  flame  of  water-gas  in  the  water-gas  works  of  Mr.  Blass 
at  Essen,  and  is  found  to  be  much  softened.  The  cone  here 
marked  No.  i,  identical  in  composition  with  cone  No.  33  of  the 
table  given  later  on,  and  corresponding  to  about  clay  III  of  Bis- 
chof 's  standard  clays,  is  fused  to  a  round  drop  of  enamel,  but 
the  platinum  is  not  fused.  In  these  crucible  tests  in  one  case 
No.  32  appears  fully  melted,  No.  33  glazed  and  somewhat  bloated 
with  edges  still  quite  distinct,  Nos.  34  and  35  have  preserved 
the  earthy  appearance,  and  the  platinum  is  not  fused.  In  a  sec- 
ond instance  Nos.  29,  30,  and  31  have  fully  gone  down.  No.  32 
is  glazed  and  somewhat  bloated,  the  edges  b^n  to  become  round. 
No.  33  has  sharp  edges  with  surface  just  glazing,  Nos.  34  and  35 
are  dull,  and  the  platinum  is  not  fused.  Finally  in  a  third  test, 
cone  No.  30  has  fully  retained  its  shape,  edges  not  rounded, 
barely  glazed,  Nos.  31,  32,  35,  and  Bischofs  standard  clay  II, 
still  appear  earthy,  but  the  platinum  has  contracted  to  a  globule. 
In  one  case  the  platinum  was  not  fused  while  cone  No.  33  had 
fully  gone  down,  in  the  other  the  platinum  was  fused  while  cone 
No.  30,  much  more  fusible  from  its  higher  percentage  of  silica, 
just  began  to  show  incipient  fusion. 

These  results  are  quoted  to  show  the  real  value  of  tests  for 
refractoriness  at  the  "  controlling  melting-point  of  platinum," 
and  it  remains  to  discuss  the  second  means  of  determining  the 
place  of  clayey  materials  in  the  scale  of  refractoriness — ^the  stand- 
ard clays. 
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Some  time  ago  when  my  supply  of  certain  numbers  of 
BischoPs  standard  clays  ran  low,  I  thought  of  replenishing  it, 
and  so  applied  to  him.  Unfortunately  I  could  receive  nothing 
from  Dr.  Bischof.  He  advised  me  that  he  had  to  be  chary  of 
his  stock  and  that  he  had  already  been  obliged  to  replace  some 
numbers  by  other  clays  of  similar  composition.  I  therefore  in- 
duced Mr.  Cramer  to  work  on  a  new  scale  for  the  pyrometric 
tests.  The  result  of  his  labors  is  a  proposition'  to  mix  a  highly 
refractory  clay,  in  this  case  Zettlitz  kaolin,  with  varying  amounts 
of  powdered  marble,  and  thus  obtain  bodies  of  di£Eerent  melting- 
points.  However  admirable  a  series  of  mixtures  differing  in 
melting-point  will  result,  I  do  not  now  recommend  this  method, 
although  it  originated  with  my  cooperation.  The  mixtures  con- 
tain an  element,  the  calcium  carbonate,  that  differs  in  fusion 
from  fire-clays,  which  are  naturally  free  from  lime.  Such  test- 
pieces  fuse  very  suddenly  to  a  thin  liquid  condition,  while 
fire-clays  fuse  much  more  gradually ;  therefore  the  kaolin-lime 
mixtures  are  not  so  well  adapted  to  the  tests  as  the  standard 
clays. 

In  a  recent  publication,  Bischof  has  called  attention  to  this 
valid  objection  to  a  mixture  of  clay  and  lime,  and  at  the  same 
time  has  given  us  a  new  scale'  based  on  mixtures  of  his  most  re- 
fractory clay  of  the  old  scale,  Saarau  shale,  and  the  least  refrac- 
tory, the  clay  of  Niederpleis.  This  is  a  step  in  advance,  for  two 
clays  of  a  definite  composition  can  always  be  obtained  more 
easily  than  seven. 

But  this  proposition  is  not  an  ideal  solution  of  the  problem 
and  as  the  producers  of  fire-clay  wares  and  the  industries  using 
such  have  not  yet  become  familiar  with  it,  I  must  decline  to  em- 
ploy and  introduce  this  scale.  I  am  of  the  opinion  that  a  scale 
of  refractoriness  for  the  testing  of  fire-clays  alone  is  not  good  in 
principle,  but  that  one  scale  should  be  made  applicable  to  all  in- 


'  See  Cramer  :  "Eine  neae  Peaerfestigkeits-skala  "  and  "  Zur  Feaerfestifl^keits- 
bestimmuns:  der  Thone.'*    Thonindustrie  Zeitnng,  1887,  No.  11,  and  1888,  No.  is. 

'  See  Bischof  :  "  Empirische  Berechnungfs-skala  fur  die  Fenerfestigkeit  der 
Thone."   Thonindustrie  Zeitung,  1880,  No.  12. 
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dustries  ;  for  if  every  industry  will  adopt  its  own  scale  for  the 
measurement  of  temperatures,  others  will  naturally  be  led  to 
measure  fire-clays  with  their  standards,  and  great  confusion  and 
errors  would  be  the  result  Furthermore  the  clays  proposed  by 
Bischof  are  not  available  to  many,  myself  included.  Bischof  con- 
siders it  a  valuable  feature  that  the  percentages  of  refractoriness 
be  maintained,  and  in  the  article  has  given  the  proportion  of  each 
clay  necessary  to  produce  a  given  value.  Aside  from  the  fact 
that  he  has  not  proved  by  experiment  the  agreement  of  the  caL 
culated  percentages  with  the  old  numbers  obtained  by  trial,  the 
nomenclature  is  vague  and  for  that  reason  not  to  be  recom- 
mended. I  therefore  attach  no  value  to  it  All  it  teaches  is 
that  higher  numbers  correspond  to  greater  refractoriness,  while 
but  few  know  the  full  meaning  of  the  values. 

Several  years  ago  I  originated  a  scale  for  the  measurement  of 
temperatures  by  mixing  definite  amounts  of  nearly  pure  clay 
substance  (Zettlitz  kaolin),  quartz,  feldspar,  and  marble.  This 
was  intended  to  be  used  in  the  kilns  of  the  clay-working  indus- 
tries and  for  much  lower  temperatures  than  are  required  for 
the  present  purpose.  That  they  gave  no  indications  at  the  ^'con- 
trolling melting-point  of  platinum  "  but  fused  much  sooner,  has 
subjected  me  to  attacks  by  Bischof.  In  the  latest  one  Bischof 
shows  that  it  is  possible  for  higher  numbers  to  melt  first,  if  by 
chance  they  have  received  higher  degrees  of  heat 

These  sallies  of  theoretical  objections  to  their  use,  not  proved 
directly,  do  not  exclude  the  fact  that  with  an  increase  of  tempera- 
ture they  go  into  fusion  in  regular  sequence,  provided  care  has 
been  taken  to  place  them  so  that  the  heat  acts  upon  them  in  the 
same  manner.  Their  composition  is  such  that  the  amount  of 
fluxes  decreases  progressively,  while  the  ratio  of  alumina  to 
silica,  expressed  in  chemical  equivalents,  remains  the  same 
throughout.  In  the  lower,  most  fusible  numbers  only  is  the 
more  fusible  iron  oxide  substituted  for  alumina.  The  composi- 
tion of  the  last  ten  numbers  is  as  follows  : 
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No.  II.  0.3  K,0,  0.7  CaO,  1.2  Al^Gj.  12  SiO,^  Difference: 

No.  12.  0.3  K,0,  0.7  CaO,  1.4  AI.O3,  14  SiO,  f  q  ,  Al  O    2  SiO 

No.  13.  0.3  K,0,  0.7  CaO,  1.6  Al.Oj,  16  SiO.  3    *        •   ''  •' 

No.  14.  0.3  K,0,  0.7  CaO,  1.8  Al.Og,  18  SiO,^ 

No.  15.  0.3  K,0,  0.7  CaO,  2.1  Al,Oj,  21  SiO,  I  Difference: 

No.  16.  0.3  K,0,  0.7  CaO,  2.4  Al.Oj,  24  SiO,  [0.3  Al^O^,  3  SiO,. 

No.  17.  0.3  K,0,  0.7  CaO,  2.7  Al.Oj,  27  SiO,  J 

No.  18.  0.3  K,0.  0.7  CaO,  3.1  Al,03,  31  SiO,) 

.   No.  19.  0.3  K,0,  0.7  CaO,  3.5  Al,03,  35  SiO.  [  ^'^!?!,'*-   ^.^ 

No.  20.  0.3  K,0,  0.7  CaO.  3.9  Al,03,  39  SiO,  3  ^'^  ^^•"s'  4  ^i",- 

The  melting-point  of  cone  No.  20  corresponds  to  the  highest 
temperatures  required  in  firing  hard  porcelain. 

If  the  needs  of  the  clay  industries  are  thus  filled,  not  as  re- 
gards the  testing  of  clays,  but  as  regards  the  measurement  of 
temperatures  in  the  larger  kiln  spaces,  it  nevertheless  soon  ap- 
peared that  other  industries  employing  a  much  higher  heat 
wished  to  employ  such  cones.  These  industries  were  the  iron 
and  in  connection  with  it  the  water-gas  industries  that  ap- 
proached me  to  assist  them  in  measuring  much  higher  tempera- 
tures. I  then  made  additional  cones  in  which  I  retained  the 
same  principles  of  composition  as  in  the  former. 

No.  21.  0.3  K,0,  0.7  CaO,  4.4  Al,03,  44  SiO,^ 

No.  22.  0.3  K,0,  0.7  CaO,  4.9  AI.O3,  49  SiO,  [  ^'^^^''   ^.. 

No.  23.  0.3  K.0,  0.7  CaO,  5.4  Al,03,  54  SiO,3  ^'^  ^^•"3*  5  ^^lU,. 

No.  24.  0.3.  K,0,  0.7  CaO,  6.0  AljOj,  60  SiO,")  Difference: 

No.  25.  0.3  K,0,  0.7  CaO,  6.6  Al,03,  66  SiO,  [  0.6  Al.O,,  6  SiO,. 

No.  26.  0.3  K,0,  0.7  CaO,  7.2  Al.Oj,  72  SiO,  3 (VII.) 

It  soon  became  apparent  that  these  cones  only  partially  sat- 
isfied all  needs  and  that  their  range  of  melting-points  was  so 
small  as  to  render  the  noting  of  differences  in  consecutive  num- 
bers a  diflBcult  matter.  I  therefore  reduced  the  fluxes  still  far- 
ther  and  finally  omitted  them.  Thus  originated  two  numbers  of 
the  composition 

No.  27.  0.3  K,0,  0.7  CaO,  20  AljOj,  200  SiO„  and 
No.  28.  A1,0„  10  SiO„ (VI). 

There  remained  but  one  way  to  raise  the  refractoriness,  and 
that  consisted  in  gradually  decreasing  the  silica.  The  following 
compositions  resulted : 
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A1,0,.  9SiO.    (7). 
No.  29.  A1,0,.  8  SiO,    (6). 

A1,0,,  7SiO.    (5). 

No.  30.  Al,03.  6  SiO,    (4) (V). 

No.  31.  A1,0,,  5  SiO,    (3). 

No.  32.  A1,0,.  4  SiO,    (2) (IV). 

No.  33.  A1,0,.  3  SiO,    (I) (III). 

No.  34.  Al,Oj,  2.5  SiO, 

No.  35.  A1,0,.  2  SiO,    (o) (II). 

No.  36.  Rakonits  shale        (I). 

The  Arabic  figures  affixed  designate  those  cones  that  were 
employed  in  a  test  at  the  water-gas  works  of  engineer  Blass  of 
Bssen,  all  of  which  went  down,  the  lower  numbers  to  enamel- 
like masses,  the  higher  ones  to  more  or  less  transparent  glasses, 
while  the  strip  of  platinum  placed  with  them  remained  unfused. 
The  compositions  lying  between  cones  Nos.  28  and  29,  and  be- 
tween Nos.  29  and  30  were  afterward  dropped  from  the  series  be- 
cause difiFerences  in  fusibility  between  them  and  adjoining  num- 
bers of  the  cones  were  hardly  noticeable.  Between  (o)  and  (i)  I 
have  inserted  another  number  with  2.5  silica,  since  one  whole 
equivalent  of  silica  proved  to  result  in  a  very  large  interval.  The 
Rakonitz  shale  has  been  appended  as  Na  36.  The  Roman  fig- 
ures approximately  represent  the  position  of  Bischofs  standard 
clays  in  the  scale. 

I  do  not  see  why  this  scale,  originally  devised  for  other  pur- 
poses, cannot  be  employed  in  testing  the  refractory  quality  of 
clays.  That  they  represent  a  scale  of  fusibility  varying  with 
regularity  according  to  number  has  been  proved  by  numerous 
experiments,  where  in  each  case  a  large  number  of  them  were 
exposed  to  the  fire.  In  composition  they  correspond  to  naturally 
occurring  clays,  for  like  these  they  are  composed  of  clay  sub- 
stance proper,  quartz,  and  feldspar,  and  finally  small  amounts  of 
calcium  carbonate.  That  they  can  be  reproduced  at  any  time 
by  means  of  a  clay  commercially  obtainable,  which  is  not  the 
case  with  Bischofs  scale,  is  to  my  mind  the  greatest  point  in 
their  favor. 

I  may  add  that  of  late  I  have  dispensed  with  Zettlitz  kaolin, 
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a  Bohemian  product,  and  utilized  instead  a  native  one  of  the 
same  composition  and  refractoriness,  likewise  consisting  of  nearly 
pure  kaolinite  (i  per  cent  quartz),  and  obtained  from  Griinstadt 
in  the  Palatinate,  through  the  kindness  of  Messrs.  SchifiFer  and 
Kircher.  That  the  scale  is  accessible  to  any  one  and  that  every 
manufacturer  is  thus  enabled  to  conduct  his  pyrometric  tests  for 
himself,  is  another  advantage  over  BischoPs  series. 

The  melting-points  of  the  lower  numbers  of  the  series  have 
been  expressed  in  d^^ees  of  the  thermometric  scale,  but  I  have 
been  obliged  to  make  many  hypothetical  assumptions.  I  have 
assumed  that  the  series  with  cone  No.  i  begins  at  1150°,  and 
reaches  the  highest  temperature  obtainable  in  the  porcelain  kiln 
with  cone  No.  20,  a  temperature  assumed  at  1 700° ;  and  that  further- 
more all  cones  represent  equal  intervals  of  fusibility.  Thus  I 
have  interpolated  the  degrees.  I  must  say  that  I  have  reluc- 
tantly done  so,  in  obedience  to  pressure  from  manufacturers  and 
that  I  must  always  make  reservations  in  regard  to  these  thermo- 
metric degrees.  But  for  the  highest  numbers  I  do  not  venture  to 
follow  the  same  plan,  for  lack  of  tangible  data.  Once  accus- 
tomed to  designate  temperatures  by  cone  numbers,  one  will  find 
them  adequate  even  if  they  represent  an  expression  di£Eering  from 
the  customary  notation.  For  instance  let  it  be  stated  that  a  clay 
comes  up  to  cone  No.  — ,  and  a  definite  fusibility  is  thus  ex- 
pressed and  the  same  point  can  always  be  found  in  the  future. 
It  will  be  unnecessary  to  add  degrees  impracticable  to  verify  by 
direct  tests. 


Relations  between  Plasticity  and  Refractoriness  of  Clays 


Otto  Hbnsbl,  Translator 

Plasticity  is  a  very  important  property  of  the  materials  with 
which  we  work.  It  is  the  specific  property  enabling  us  to  work 
clays  in  the  customary  manner.  Plasticity  enables  solids  to  re- 
ceive a  liquid  into  their  pores,  to  retain  the  latter  completely. 
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thus  enabling  the  mass,  by  pressure  and  kneading,  to  take  any 
desired  shape,  to  retain  the  shape  unchanged  on  the  removal  of 
pressure  and  extraction  of  the  liquid  and  the  consequent  change 
to  the  solid  state.  It  is  not  found  in  all  friable  solids ;  many 
cannot  be  molded  when  mixed  with  a  liquid,  or  on  its  removal 
will  not  possess  sufficient  cohesion  of  the  particles  to  result  in  a 
strong  body. 

The  d^jree  of  plasticity  of  clayey  masses,  always  represent- 
ing mixtures  of  granular  non-plastic  portions  and  the  really  plas- 
tic element,  clay  substance,  or  kaolinite,  depends  on  the  relative 
amount  of  these  components.  Still  we  know  that  clay  substance 
proper  exhibits  marked  variations  of  plasticity  even  with  identi- 
cal chemical  composition.  One  clay  substance  is  short,  may  be 
mixed  with  but  small  additions  of  non-plastic  material  if  plasticity 
is  to  be  retained,  and  dries  to  a  loosely  cohering  body ;  the  other 
is  very  fat  and  may  be  diluted  with  a  large  amount  of  non-plastic 
portions  without  loss  of  its  capacity  to  take  shape  by  molding, 
and  to  dry  to  a  hard,  very  tough  mass.  The  former  variety  is 
mostly  identified  with  those  materials  found  on  the  primary  site 
and  having  their  origin  in  the  weathering  of  feldspar  (namely, 
the  kaolins)  while  those  clays  that  have  passed  through  a  natu- 
ral washing  process,  commonly  known  as  plastic  clays,  develop 
plasticity  to  a  much  greater  extent.  What  the  cause  of  this 
diflFerence  is,  whether  due  to  much  finer  subdivision  in  the  wash- 
ing process,  or  whether  the  second  variety  is  derived  from  rocks 
other  than  feldspar,  is  an  open  question ;  we  have  still  to  take 
into  account  that  materials  di£Fer  in  their  degree  of  plasticity. 
With  these  differences  of  plasticity  we  deal  in  the  composition 
of  bodies  and  in  their  molding,  but  they  are  also  of  importance 
at  the  next  stage  (the  burning  of  the  ware),  because  here  diver- 
sities spring  up  that  are  directly  due  to  variations  in  plasticity. 
To  these  diversities  originating  in  the  burning,  which  up  to  the 
present  have  been  somewhat  slighted,  I  wish  to  call  particular 
attention. 

There  is  a  connection  between  plasticity  and  the  hardness 
that  clays  acquire  on  drying.     On  examining  bodies  made  up 


PLASTICITY  AND  REFRACTORINESS  OF  CLAYS  535 

in  exactly  the  same  proportion  of  constituents,  now  with  a  plastic 
clay,  and  again  with  one  of  low  plasticity  (a  kaolin),  we  note  that 
the  particles  in  the  more  fragile  composition  are  arranged  more 
loosely  while  the  harder  body  obtained  with  the  plastic  clay  is 
denser.  This  becomes  plain  when  two  clays  of  almost  identical 
chemical  composition,  but  of  different  degrees  of  plasticity,  are 
compared.  Let  us  take  Zettlitz  kaolin  and  the  clay  of  Miilheim 
near  Koblenz.  Providing  the  former  is  washed,  both  contain 
but  a  small  amount  of  quartz  fragments,  only  about  i  yi  per  cent 
in  either ;  the  remainder  in  each  is  nearly  pure  clay  substance 
(Al^O ,  2SiO,  +  2H^0)  and  shows  only  a  small  difference  in 
iron  oxide  of  about  i  per  cent.  Bodies  obtained  from  these  by 
the  ordinary  process  of  soaking,  molding,  and  drying,  will  differ 
greatly  in  porosity  and  hardness. 

Clays  of  Zettlitz  kaolin  are  friable  and  have  a  porosity 
of  42  per  cent,  while  those  of  Miilheim  clay  are  very  hard  and 
have  a  porosity  of  only  28  per  cent;  therefore  they  are  denser. 
Both  subjected  to  heat,  the  Miilheim  clay  will  have  acquired  a 
dense,  non-porous  structure  relatively  early,  far  below  its  fusing- 
point  and  a  little  above  that  of  gold,  somewhere  at  1100°  to 
1150°,  while  the  kaolin  remains  porous  up  to  a  high  heat.  This 
density  of  structure  in  the  plastic  clay  can  not  at  all  be  consid- 
ered as  incipient  vitrification ;  the  clay  remains  in  this  state  up 
to  a  very  high  temperature,  and  may  be  classed  as  a  very  good 
refractory  material.  This  change  to  a  denser  structure  must 
rather  be  conceived  as  a  closer  arrangement  of  the  molecules  of 
the  substance,  and  is  probably  connected  with  the  closer  molec- 
ular arrangement  of  the  smallest  particles  in  the  frying  stage. 
Those  clays  that  are  plastic,  and  dry  to  a  hard,  tough  mass,  be- 
have like  the  Miilheim  clay  in  exhibiting  a  much  earlier  vitri- 
fication to  dense  impervious  bodies;  this  becomes  especially 
striking  when  they  are  fired  with  kaolins  that  become  dense 
much  later,  even  when  less  refractory  than  the  plastic  clays. 
This  peculiarity  is  realized  where  it  is  desired  to  produce  dense, 
non-absorbent  bodies  from  fire-clays,  as  for  instance  in  the  manu- 
facture of  floor  tiles  and  where  it  is  necessary  to  produce  refrac- 
tory articles  that  shall  resist  the  action  of  liquids  at  very  high 
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temperatures,  a  problem  met  with  in  the  production  of  glass 
pots  and  the  like.  Looking  over  the  line  of  clays  employed  in 
those  specialties,  we  find  that  medium  grade  fire-clays  of  high 
plasticity  preponderate  over  those  of  highest  refractoriness. 
Those  used  specially  for  glass  pots  (the  Belgian  of  Strand  Maiser- 
oul,  that  of  Hettenleidelheim,  of  Klingenbeig,  of  Grossalmerode, 
and  others)  are  such  which  early  acquire  great  density  because 
of  their  high  plasticity,  and  are  therefore  less  attacked  by  the 
glass  than  if  the  pots  were  made  of  a  kaolin  more  refractory, 
but  retaining  an  open  structure.  Because  of  their  early  density, 
the  former  resist  the  efiFect  of  fluxes  for  a  much  longer  time  than 
those  which  remain  porous  at  high  temperatures  and  permit 
fused  substances  to  penetrate  into  the  interior  of  the  mass. 
We  are  thus  able  to  offer  greater  resistance  to  specific  influences 
of  the  kiln  contents  with  less  refractory  clays  if  they  become 
dense  relatively  early.  Frequently,  the  refractory  materials  with- 
stand the  action  of  heat  alone  very  well,  if  the  gases  are  unac- 
companied by  the  alkalies  of  the  ashes  (vapors  of  common 
salt  in  short) ;  because  of  small  amounts,  these  various  influ- 
ences do  not  attract  notice  in  analyses,  but  show  their  pres- 
ence by  their  action  on  the  lining  material.  Years  ago  a 
gentleman  asked  me  for  advice  in  reference  to  material  for 
crucibles  employed  in  the  manufacture  of  glass  ware.  Although 
he  was  sure  of  having  selected  material  of  the  highest  refractory 
value,  it  soon  showed  indications  of  a  short  life.  At  that 
time  I  did  not  attach  much  weight  to  the  rate  at  which  fire^ 
clays  acquire  a  dense  structure,  but  now  I  am  convinced  that 
the  trouble  must  be  explained  in  that  way.  Something  similar 
will  take  place  in  the  coke  ovens,  for  instance,  which  on  account 
of  the  temperature  employed  do  not  require  material  of  highest 
refractoriness.  Several  years  ago  Dr.  Otto  showed  that  in  this  in- 
dustry the  vapors  of  common  salt  arising  from  the  coal  have  a 
large  share  in  the  destruction  of  the  refractory  material.  Here, 
as  in  many  other  industries,  it  will  be  necessary  to  make  use  of 
a  grog  which  is  very  hard  and  dense.  Such  grog  can  always  be 
obtained  more  easily  if  burned  from  very  plastic  clays  instead  of 
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kaolins,  loose-grained  though  frequently  more  refractory.  It 
will  thus  be  easier  to  obtain  bodies  very  dense,  and  therefore  of 
longer  resistance. 


The  Chemical  and  Mechanical  Analysis  of  Clays  and  the  Inter- 
pretation of  the  Results  Obtained 


Otto  Hbnsbl,  Tkanslatok 

In  the  chemical  examination  of  clays  it  will  always  be 
necessary,  if  great  errors  are  to  be  avoided,  to  adopt  a  method 
that  will  with  certainty  lead  to  the  desired  end.  Such  an  anal- 
ysis has  for  its  object  the  determination  of  a  number  of  sub- 
stances characterized  by  sharp  and  reliable  reactions.  Exact  re- 
sults are  only  possible  if  one  is  guided  strictly  by  these  reactions. 
The  chemical  analysis  of  fire-clays  requires  a  determination  of 
the  followit^  substances:  Silica  (including  titanic  acid),  alu- 
mina, ferric  oxide,  lime,  magnesia,  potash,  soda,  and  loss  by 
ignition. 

Other  substances  present  either  rarely  or  in  minute  quanti- 
ties generally  need  not  be  determined,  and  therefore,  I  omit 
them.  These  are :  manganic  oxide,  vanadic  acid,  lead  oxide, 
cobalt  oxide,  etc.  I  will  say  that,  wherever  possible,  it  is  always 
best  in  analyzing  clays  to  use  platinum  vessels,  as  the  ordinary 
glass  vessels  introduce  grave  errors  in  the  results.  Some  of  the 
glass  is  always  dissolved  in  boiling  and  decomposed  by  the  boil- 
ing water  and  its  elements  being  precipitated  along  with  those 
of  the  clay  commonly  give  too  high  results  in  silica,  lime,  and 
the  alkalies.  Although  measuring  flasks  cannot  be  dispensed 
with,  the  boiling  and  especially  evaporation  of  liquids  in  glass 
vessels  is  to  be  avoided.  To  determine  the  loss  by  ignition,  i  to 
2  grams  of  the  material  are  weighed  in  a  platinum  crucible  and 
heated  to  redness.  The  operation  must  be  finished  over  the 
blast-lamp  at  very  high  heat  to  make  sure  of  driving  off  all  of 
the  water,  and  should  be  repeated  to  constant  weight,  as  the 
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expulsion  of  the  last  traces  of  water  in  fire-clays,  especially,  is 
not  always  an  easy  matter. 

For  the  determination  of  the  silica  and  titanic  acid  the  sub- 
stances must  first  be  brought  into  a  form  to  dissolve  completely 
in  dilute  hydrochloric  acid.  Prom  i  to  2  grains  of  the  material 
is  weighed  out  in  a  platinum  crucible  and  covered  with  four  to 
five  times  its  weight  of  a  mixture  of  potassium  and  sodium  car- 
bonates ;  when  it  is  very  aluminous  it  is  well  to  take  eight  times 
its  weight  as  otherwise  the  fused  mass  becomes  too  viscous. 
The  mixture  is  subjected  to  a  high  temperature,  say  the  melting- 
point  of  silver ;  the  alkali  carbonates  fuse  and  with  the  day 
form  compounds  easily  soluble  in  acids.  The  fusion  must  be 
continued  only  till  the  mass  is  perfectly  liquid  and  the  evolution 
of  gas  has  ceased ;  a  further  heating  is  to  be  avoided  as  otherwise 
double  silicates  will  segregate,  and  these  are  decomposed  and  dis- 
solved with  difficulty.  The  fused  mass,  having  been  softened 
with  water  to  a  voluminous  mass  of  alkali  aluminates  and  sili- 
cates, is  dissolved  in  hydrochloric  acid.  If  the  clay  has  been 
properly  unlocked  by  the  alkali  carbonates,  a  perfectly  clear 
solution  will  result ;  this  must  at  all  events  be  obtained  if  cor- 
rect results  in  silica  and  titanic  acid  are  desired. 

To  obtain  the  silica  and  titanic  acid  in  the  solution,  this 
must  be  completely  evaporated  to  dryness,  whereby  they  change 
to  an  insoluble  hydrated  form.  This  is  accomplished  on  the 
water-bath,  lastly  in  the  air-bath  at  120°  till  no  hydrochloric 
acid  is  perceptible  to  the  smell  and  a  perfectly  dry  mass  of  salts 
is  left,  which  contains  the  silica  and  titanic  acid  in  an  insoluble 
form.  The  mass  is  next  moistened  with  concentrated  hydro- 
chloric acid,  allowed  to  stand  about  fifteen  minutes,  then  diluted 
with  some  water,  heated  on  the  water-bath  for  a  while,  then 
rinsed  on  to  a  filter  and  washed  with  hot  water  till  the  last  wash- 
ings tested  with  silver  nitrate  no  longer  react  for  chlorine.  The 
residue  of  silica  is  placed,  while  moist,  into  a  platinum  crucible, 
heated  cautiously  till  the  filter  is  well  charred,  then  strongly  till 
the  same  has  become  white,  and  finally  over  the  blast-lamp.  The 
ignition  over  the  blast-lamp  must  be  repeated  several  times  till 
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the  weight  is  constant  Attention  to  this  is  necessary  if  reliable 
results  are  desired,  for  the  last  traces  of  water  are  removed  with 
difficulty. 

If  any  titanic  acid  was  present,  it  has  been  weighed  with  the 
silica ;  to  determine  the  amount,  the  residue  must  be  moistened 
in  the  platinum  crucible  with  a  few  drops  of  sulphuric  acid  and 
then  pure  hydrofluoric,  acid  solution  poured  over  it  The  silica 
will  evaporate  as  silicon  fluoride;  the  titanic  acid  will  remain  as 
a  small  residue  to  be  weighed  after  ignition.  However,  the  re- 
sult can  only  be  depended  on  if  the  unlocking  of  the  clay  was 
complete  and  was  completely  dissolved  in  the  acidified  solution ; 
otherwise  if  ever  so  small  a  residue  is  detected,  there  remains 
the  danger  that  a  small  portion  of  alumina  is  included,  which 
would  also  appear  here,  as  it  will  not  volatilize  with  hydrofluoric 
acid.  The  residue  must,  therefore,  be  tested  before  the  blow- 
pipe for  titanic  acid.  In  the  reducing  flame  titanic  acid  gives  a 
violet  color  with  microcosmic  salt. 

The  filtrate  from  the  silica  contains  the  total  alumina.  As 
a  rule  this  is  too  large  in  amount  for  determination,  since  the 
washing  of  a  large  bulk  of  alumina  is  very  difficult  because  of 
its  gelatinous  nature.  Therefore  only  a  portion  of  the  liquid  is 
employed.  If  the  filtrate  was  collected  in  a  half-liter  flask,  filled 
to  the  •  mark  with  distilled  water,  the  whole  well  shaken  and 
200  cc  taken  for  the  determination,  then  0.4  of  the  weighed 
substance  is  being  analyzed.  The  200  cc.  taken  are  heated  to 
boiling,  preferably  in  a  platinum  dish,  ammonia  is  added  in 
small  excess,  and  the  ammonia  expelled  on  the  water-bath.  The 
alumina  and  ferric  oxide  fall  down  completely.  They  are 
filtered  off,  dissolved  in  hydrochloric  acid,  and  again  precipitated 
as  before.  The  repetition  is  necessary  because  the  first  precipi- 
tate has  entrapped  some  of  the  alkaline  salts  that  abound  in  the 
solution.  The  precipitate  is  well  washed  with  hot  water  on  a 
filter  and  ignited  to  constant  weight.  To  find  the  quantity  of 
iron  present,  a  second  0.4  of  the  original  filtrate  is  taken,  con- 
centrated sulphuric  acid  added,  and  heated  on  a  water-bath  till 
the  smell  of  hydrochloric  acid  has  entirely  disappeared.     The 
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liquid  is  then  poured  into  an  Brlenmeyer  flask  ;  a  piece  of  pure 
zinc  and  a  bit  of  platinum  are  added,  whereby  the  iron  is  re- 
duced to  ferrous  oxide.  This  is  then  titrated  with  potassium 
permanganate  whose  titer  may  indicate  about  i  mg.  ferric  oxide 
to  I  cc.  of  the  reagent  The  quantity  of  ferric  oxide  thus  found 
is  subtracted  from  the  combined  weight  of  alumina  and  iron  to 
find  the  alumina  present 

The  alkaline  filtrate  from  the  determination  of  the  alumina 
and  iron  oxide  is  treated  with  ammonium  oxalate  and  allowed 
to  stand  for  some  time  in  a  warm  place ;  the  precipitated  calcium 
oxalate  is  then  filtered  off,  and  after  severe  ignition  weighed  as 
calcium  oxide.  If  the  quantity  is  large  the  ignition  must  be 
repeated  to  constant  weight 

The  magnesia  may  properly  be  determined  in  the  filtrate 
from  the  calcium  oxalate  by  adding  a  large  portion  of  ammonia, 
equal  to  about  one^uarter  of  the  volume  of  the  solution,  and 
precipitating  it  as  ammonium  magnesium  phosphate  by  sodium 
biphosphate.  After  standing  for  forty-eight  hours  the  precipi- 
tate is  filtered  and  washed  with  dilute  ammonia,  ignited  in  a 
porcelain  crucible,  and  weighed  as  magnesium  pyrophosphate 
(Mg.P.0,). 

The  alkalies  cannot  be  determined  in  the  substance  taken 
for  the  silica  determination,  as  that  was  fused  with  alkali  car- 
bonates. Another  quantity  of  the  substance  must  be  employed. 
This  is  decomposed  with  pure  hydrofluoric  acid  after  the  addi- 
tion of  a  small  amount  of  concentrated  sulphuric  acid.  One  to 
two  grams  of  the  substance  will  do. 

The  clay  is  first  soaked  with  a  little  hot  water  and  about  i 
cc.  concentrated  sulphuric  acid  in  a  large  platinum  crucible  or 
small  platinum  dish,  then  digested  on  the  water-bath  with  hy- 
drofluoric acid  solution.  If  not  many  laige  quartz  grains  are 
present,  the  decomposition  is  generally  rapid  ;  clay  substance 
and  feldspathic  matter  especially  dissolve  readily.  Large  quartz 
grains  remain  undissolved,  but  that  does  not  affect  the  result. 
After  the  silicic  fluoride  and  hydrofluoric  acid  have  evaporated, 
the  dish  is  set  over  the  burner  till  sulphuric  acid  fumes  appear. 
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The  residual  salts  are  then  dissolved  in  water  and  heated  to 
efiFect  complete  solution,  then  ammonia  in  excess  and  a  few  drops 
of  ammonium  oxalate  are  added  in  order  to  precipitate  the  alu- 
mina, ferric  oxide,  and  lime.  The  cloudy  solution  is  poured 
into  a  liter  flask  having  a  stop-cock  on  its  side,  and  is  allowed  to 
become  clear.  Then  half  a  liter  of  the  liquid  is  drawn  off,  fil- 
tered, and  the  filtrate  evaporated  to  dryness  in  a  platinum  dish. 
Thus  one-half  of  the  total  alkalies  of  the  substance  taken  is  de- 
termined. It  would  be  tedious  to  filter  and  wash  the  large 
amount  of  alumina  always  obtained  here ;  hence  it  is  always 
better  to  avoid  it  in  the  above  manner. 

The  solution  in  the  platinum  dish  must  be  heated  to  red- 
ness to  drive  off  all  of  the  ammonium  salts  ;  this  is  necessary  to 
separate  the  magnesia  in  the  next  step.  The  residue  is  dissolved 
in  the  least  possible  amount  of  water,  treated  with  Schafgott's 
solution  (ammonium  carbonate  and  ammonia)  and  allowed  to 
stand  for  twenty-four  hours.  The  magnesia  separates  as  a  crys- 
talline precipitate  that  must  be  washed  with  Schafgott's  solu- 
tion. The  filtrate  and  washings  are  united  and  evaporated  to 
dryness  in  a  platinum  dish,  the  residue  heated  to  redness,  again 
dissolved,  a  few  drops  of  ammonia  added,  filtered,  and  the  filtrate 
evaporated  to  dryness.  Thus  all  the  alkalies  are  obtained  as 
sulphates,  which  after  ignition  can  be  weighed.  To  find  the 
potassium  in  the  combined  alkalies,  these  are  dissolved  in  dilute 
hydrochloric  acid,  and  sufficient  platinic  chloride  solution  of 
known  strength  is  added  to  change  all  the  alkalies  present  to 
platinum  chlorides.  The  mixture  is  then  heated  in  a  porcelain 
dish  almost  to  dryness,  effecting  a  separation  of  the  potassium 
platinichloride.  A  mixture  of  3  parts  absolute  alcohol  and  i 
part  ether  is  poured  on  the  thickened  mass ;  the  sodium  platini- 
chloride will  go  into  solution,  while  the  potassium  salt,  remain- 
ing undissolved,  is  caught  on  a  filter,  and  washed  with  the  ether- 
alcohol  mixture.  The  filter  with  the  precipitate  is  placed  in  a 
Rose  crucible  and  mildly  ignited  in  a  stream  of  hydrogen, 
whereby  it  separates  into  metallic  platinum  and  potassium  chlo- 
ride.    The  latter  is  removed  by  washing,  and   the  platinum 
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weighed  after  ignition.  From  the  amount  of  platinum  obtained, 
the  corresponding  quantity  of  potassium  sulphate  is  calculated 
and  subtracted  from  the  total  alkaline  sulphates.  Prom  these 
data  the  potash  and  soda  as  oxides  can  then  be  calculated. 

With  the  determination  of  the  oxides  present  in  clays  the 
investigation,  however,  is  not  complete.  Clay  is  a  mechanical 
mixture  of  substances,  not  a  chemical  combination  of  them,  as 
is  well  understood,  and  the  above  determinations  do  not  reveal 
them.  Resulting  from  the  weathering  of  f eldspathic  rocks,  clays, 
as  a  rule,  still  contain  f eldspathic  fragments  and  quartz  in  greater 
or  less  amount 

There  is  always  present  a  definite  combination  of  alumina 
and  silica,  designated  by  me  as  clay  substance  with  the  compo- 
sition of  Al  O  ,2SiO  .2H  O. 

Admixed  quartz  and  feldspathic  fragments,  the  latter  always 
rich  in  fluxes,  induce  fusion  of  the  clay  substance  and  their  pres- 
ence and  quantities  must  be  determined. 

The  quartz  present  in  clays  acts  as  a  flux  only  if  present  in 
a  state  of  subdivision  so  fine  that  it  cannot  be  separated  by  wash- 
ing and  can  readily  enter  into  chemical  combination  with  the 
clay  substance  in  burning.  If  present  in  the  form  of  coarse 
grains,  merely  a  superficial  combination  with  clay  substance  will 
ensue,  with  low  fluxing  energy,  as  the  interior  of  the  grains  is  de* 
barred  from  reacting  on  the  clay.  Whether  coarse  grains  are 
present  in  clay  will  always  be  determined  by  a  washing  process. 
250  grams  of  clay  are  soaked  in  water  for  this  purpose  and  passed 
through  a  fine  wire  screen  of  5000  meshes  to  the  square  centi- 
meter (about  180  meshes  to  the  linear  inch);  flowing  water  and 
brush  must  aid  in  getting  all  of  the  clay  substance  through.  The 
residue  on  the  screen  is  collected  in  a  dish,  dried  and  weighed,  and 
can  be  further  sorted  by  coarser  screens  or  elutriation.  The  sand 
that  has  gone  through  the  screen  may  be  considered  of  sufficient 
fineness  to  combine  chemically  with  the  clay  substance.  The 
fine  sand  mixed  with  the  clay  substance  is  separated  from  the 
admixed  clay  substance,  and  the  amount  of  feldspathic  detritus 
also  ascertained,  by  boiling  the  total  fine  substance  with  sul- 
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phuric  acid— the  rational  analysis.  By  the  aid  of  this  process 
a  fair  conception  of  the  grouping  of  the  oxides  in  the  clay  can 
be  obtained.  While  the  clay  substance  proper,  the  binding  ele- 
ment of  clays,  is  dissolved  by  boiling  with  dilute  sulphuric  acid, 
the  fragments  of  orthoclase  and  quartz  are  hardly  attacked  at 
all. 

We  proceed  by  boiling  5  grams  of  the  fine  clay,  screened  as 
above,  with  about  100  to  200  cc.  of  water  in  a  platinum  dish  till 
it  becomes  of  a  soft  slimy  consistency,  cooling,  and  adding  50  cc. 
concentrated  sulphuric  acid,  covering  with  a  watch-glass,  and  boil- 
ing over  the  open  flame  till  the  acid  begins  to  volatilize  strongly. 
The  clay  substance  will  have  been  decomposed  into  aluminum 
sulphate  and  hydrated  silicic  acid.  The  aluminum  sulphate 
being  soluble  in  water  and  easily  washed  out,  it  remains  to  re- 
move the  separated  silica.  For  this  purpose  the  larger  portion 
of  the  sulphates  is  removed  by  decantation,  and  the  residue 
boiled  with  dilute  solution  of  sodium  hydroxide  to  change  the 
silicic  acid  to  a  soluble  form.  It  is  then  filtered,  the  residue 
washed  back  into  the  dish  and  boiled  with  dilute  hydrochloric 
acid,  left  to  stand  till  clear,  the  supernatant  liquid  decanted,  the 
residue  again  heated  with  the  solution  of  sodium  hydroxide, 
filtered,  and  again  digested  with  hydrochloric  acid.  The  solid 
particles  caught  each  time  on  the  filter  are  washed  back  into  the 
dish.  This  treatment  removes  the  amorphous  and  hydrated 
silicic  acid  obtained  in  the  decomposition  of  the  clay  substance 
completely,  while  the  admixed  quartz  and  feldspathic  detritus 
remain  unaltered.  These  are  caught  on  a  filter,  ignited  and 
weighed,  then  digested  with  hydrofluoric  acid  and  a  few  drops 
of  sulphuric  acid.  All  the  silica  now  volatilizes  as  a  fluoride 
while  the  alumina  of  the  feldspar  remains  as  a  sulphate,  deter- 
mined by  means  of  ammonia,  after  being  dissolved  in  water.  A 
unit  of  alumina  by  weight  corresponds  to  5.41  units  of  feldspar 
(orthoclase) ;  we  are  thus  enabled  to  cajiculate  the  quantities  of 
feldspar  and  quartz  originally  present. 

The  question  whether  a  definite  conclusion  as  to  refractori- 
ness can  be  drawn  from  the  data  of  the  analysis  can  be  affirmed 
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only  with  some  reservations.  Years  ago  Bischof  endeavored  to 
draw  such  conclusions  by  establishing  his  refractory  quotient 
For  this  purpose  he  calculated  the  equivalent  proportion  between 
the  fluxes  (these  being  equal  to  unity),  the  alumina  and  the  silica, 
and  from  this  he  calculated  a  value  which  he  called  the  refrac- 
tory quotient,  calling  the  ratio  of  the  chemical  equivalents  be- 
tween the  fluxes  and  alumina  a,  the  ratio  between  the  alumina 

and  silica  dy  then  the  refractory  quotient  (R.  Q.)  is  expressed  by 

a 

the  formula  —  =  ^ 

Later  I  thought  best  to  express  the  same  quotient  by  the 
formula,  (a  +  ^)  -r-  -     ^^  expression  is  thus  obtained  which  is 

supposed  to  increase  with  the  rise  in  refractory  power ;  still  I 
should  not  attach  undue  importance  to  this  numerical  expres- 
sion and  range  clays  by  it,  for  one  factor  has  been  omitted, 
namely,  the  size  of  the  grain  of  silica — a  factor  as  significant  in 
respect  to  refractoriness  as  chemical  composition. 

It  must  always  be  borne  in  mind  that  clays  are  not  homo- 
geneous bodies  and  that  the  character  of  the  components  has  a 
large  share  in  fusion.  The  refractory  quotient  can  give  only  an 
approximate  expression  to  refractoriness.  It  is  best,  therefore, 
to  test  clays  by  a  direct  fusion  test  in  addition  to  a  chemical  in- 
vestigation. 

I  have  of  late  discarded  the  fire-clay  lining  for  the  Deville 
furnace,  and  employ  magnesite  or  chromite  instead.  Firing  is 
conducted  with  retort  graphite  and  forced  draft  The  small 
crucibles  for  receiving  the  specimens  can  also  be  made  of  mag- 
nesite or  chromite  and  lined  with  a  layer  of  finely  ground  sin- 
tered alumina  in  order  to  avoid  reaction  of  the  basic  materials 
on  specimens  of  silicious  clays.  In  conducting  tests  at  very 
high  temperatures,  up  to  cones  35  and  36,  crucibles  made  of 
these  basic  materials  are  preferable  as  they  will  not  fuse,  unlike 
the  fire<:lay  formerly  in  use. 

It  remains  to  determine  how  the  chemical  constituents  af- 
fect the  refractoriness  of  clays.     First  I  wish  to  revert  to  an 
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older  investigation  by  Bischof ,  where  he  endeavors  to  ascertain 
which  of  the  constituents  of  clay  is  the  most  refractory.  He 
tested  both  alumina  and  silica  and  found  that  the  former  is  the 
most  refractory,  and  silica  but  little  less  so.  Mixing  silica  and 
alumina  in  various  proportions  he  found  that  the  composition 
Al^O  ,  2  SiO,  was  the  most  infusible.  This  ratio  is  found  approxL 
mately  in  Rakonitz  shale  and  in  Bischof  s  standard  clay  I.  With 
further  additions  of  silica  the  fusibility  increases  and  passes  be- 
yond that  of  pure  silica.     I  have  represented  the  facts  graphi- 
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cally  where  the  horizontal  coordinates  represent  degrees  of  tem- 
perature as  estimated  by  my  pyrometric  cones  and  the  vertical 
abscissas  the  ratios  of  alumina  and  the  admixed  alkalies,  to  the 
silica  expressed  in  chemical  equivalents.  The  upper  dotted  curve 
represents  the  fusibility  of  mixtures  of  pure  alumina  and  silica. 
It  shows  that  increased  silica  brings  on  greater  fusibility  until  the 
composition  i  Al  O  :  17  SiO,,  in  chemical  equivalents,  is  reached 
and  that  with  further  increase  of  silica  the  refractoriness  rises. 
The  lower  curve  shows  the  refractoriness  of  mixtures  obtained 
by  adding  sand  to  Zettlitz  kaolin  to  which  a  small  amount  of 
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feldspar  has  always  been  added  in  order  to  maintain  the  propor- 
tion of  alkalies  in  the  same  amount 

The  curves  show  that  in  clays  the  composition  i  A1,0 , 
2  SiO,  is  the  most  refractory  and  reaches  cone  No.  36,  or  when  ac- 
companied by  a  small  amount  of  alkalies,  cone  No.  35 ;  and  that 
the  fusing-points  fall  until  the  composition  i  A1,0  ,i7SiO,  is 
reached.  When  the  content  of  alumina  has  become  o,  the  re- 
fractoriness rises  to  cone  No.  35,  the  melting-point  of  pure  silica, 
or  crystallized  quartz.  Compositions  containing  fluxes,  like  the 
Zettlitz  kaolin,  stand  somewhat  lower  in  the  scale. 

Further  experiments  have  demonstrated  that  we  are  able 
to  fuse  even  the  most  refractory  clays  and  pure  quartz  in  the 
Deville  furnace ;  magnesite  and  chromite  could  not  be  fused  in 
it 

The  position  of  a  clay  in  the  refractory  scale  depends  not 
merely  on  the  ratio  of  alumina  to  silica,  but  mainly  on  the 
amount  of  accompanying  fluxes,  iron  oxide,  lime,  magnesia,  pot- 
ash, and  soda.  Richters'  experiments  in  this  line  are  not  alto- 
gether conclusive.  He  states  that  they  exert  the  same  fluxing 
value,  molecule  for  molecule,  and  that  therefore,  40  pounds  of 
magnesia,  combining  weight  40,  are  equal  in  fluxing  value  to  160 
pounds  of  ferric  oxide,  combining  weight  160.  My  experience 
seems  to  show  that  the  iron  is  rather  the  strongest  flux  found  in 
clays.  As  has  already  been  stated,  the  silica  must  be  present  in 
a  state  of  great  fineness  in  order  to  enter  into  combination.  If 
present  as  coarse  particles,  it  decidedly  tends  to  raise  the  refrac- 
tory value  of  clays. 

Not  merely  is  its  resistance  to  high  temperatures  of  impor- 
tance in  the  application  of  a  clay  in  the  industries,  but  in  most 
cases  also  its  resistance  to  chemical  influences.  It  does  not  fol- 
low that  both  properties  go  hand  in  hand,  and  it  is  frequently 
seen  that  a  higher  grade  of  fire-brick  has  a  shorter  life  than  a 
much  lower  grade.  What  material  is  best  in  each  case  must 
commonly  be  left  for  practical  experience  to  determine,  for 
science  often  fails  to  ascertain  the  influence  of  substances  acting 
on  it     A  case  in  point  is  the  action  of  slags  and  cinders  on  the 
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brick-lining  of  furnaces.  It  may  be  stated  in  a  general  way  that 
basic  slags  require  basic  brick  to  prevent  rapid  destruction  of 
the  lining,  and  conversely  silicious  slags  such  that  are  high  in 
silica.  DiflFerent  materials  will  frequently  be  required  for  the 
various  portions  of  a  structure.  If  for  instance  the  material  to 
be  fired  is  basic,  a  basic  bed  must  be  chosen,  while  the  crown 
had  best  be  of  a  silicious  material  to  withstand  the  action  of  the 
flying  dust,  according  to  the  nature  of  the  latter. 

Not  only  the  nature  of  the  substances  coming  in  contact 
with  and  reacting  on  the  masonry,  but  also  the  physical  condi- 
tion of  the  latter,  bears  strongly  on  its  durability.  Especially  of 
importance  are  the  hardness  to  which  the  material  has  been 
burned  and  the  density  it  has  thus  acquired.  In  a  general  way 
it  may  be  stated  that  greater  hardness  of  burning  before  use,  in- 
sures better  resistance  to  the  chemical  influences  of  the  contents 
or  charge.  An  instance  is  furnished  by  the  glass  industry  where 
clays  lower  in  the  scale  but  burning  readily  to  a  dense  body  re- 
sist the  action  of  the  charge  much  longer  than  highly  refractory 
kaolins  that  remain  porous  up  to  very  high  temperatures,  allow 
molten  glass  to  penetrate  the  body,  and  are  rapidly  destroyed  in 
consequence. 
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